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INTRODUCTION 


The (ii,ntor Lectures wliidi I gave in the winter of 1911 at 
^he Royal Society of Ait;’, on the “ Carbonisation of Coal," 
brought me so many letters of inquiry on various points con¬ 
nected Vitli tlie subject that 1 thought it might be of interest 
to some at least of tliose engaged in carbonising work if 1 took 
the lectures as a basis for a short treatise on the subject, and I 
think the absence of any book dealing at all fully with the 
scientific side of carbonisation justifies the attem])t. During 
the last forty yeais 1 have been interested in many fuel 
problems, and have had the good fortune during that period 
to assist at the birth of most of the new departures from the 
r#cogniscd rut of jirocedure, and also, I ri;gret to say, have been 
a mourner at the funerals of many. 

^ have attempted to treat my subject in such a way as to 
awaken interest in many new points without burdening the 
reader with too much scientific detail, and although many of 
my views will not, 1 fear, be acceptable to all my readers, they 
will be recognised as an earnest attempt to present several 
subjects from a different point of view to that generally adopted. 

The theory of the composition of coal which I have ela¬ 
borated, and which in its crudest form dates back to the days 
when that giant amongst metallurgists. Dr Percy, ruled supreme 
%t the Royal School of Mines in Jermyn Street, and which has 
again been brought to the front by recent investigations, is one 
that has never been developed fully; and one of the objects 
of this book is to show the way in which it explains and ffts in 
witl most of tht points which have proved difficulties in ex¬ 
plaining many actions taking place during the detractive 
•distillation of coal. At t^e same time, the last ten years have 
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marked by such wonderful activity in carbonising methods 
that there has been nO lack of material to draw upon.in trying 
to define the probable lines along which future advances will 
be made; and I desire to express my indebtedness to tlfe 
Journal oj the Society oj Chemical Industry, the Gas World, and 
the Journal oJ Gas Lighting, from the pages of which the student 
can glean every detail of the advances in carbonisation that will 
make the early years of this century as remarkable in the annals 
of the gas industry as was the corrgspondirig period of the last, 
century. 

Greenwich, igiz 

INTRODUCTORY NOTE TO ADDITION BY 
ALFRED B. SEARLE 

1 HAVE been asked to add to this second impression of Professor 
Lewes’ book a chapter in which 1 have endeavoured to include 
all the more recent developments which naturally come within 
the scope of the work. Detailed descriptions of plants have 
purix)sely been omitted, for the chiel need of students of coal 
carbonisation is to get away from plants to principles. ‘ 

The work of the numerous investigators mentioned in the 
new chapter is in itself sufficient to show the direction in which 
knowledge of the subject is extending, and the fal-t that the 
Government has set up a special Fuel Research Board shows 
the extent to which general interest in the subject has increased 
in recent years. 

For obvious reasons, 1 have not adhered to some of Professor ’ 
Lewes’ conclusions too closely, but have endeavoured to give^ 
an accurate and unbiased review of the progress which has been 
made since the original book was written. 

ALFRED B. SEARLE 


, Sheffield, 1918 
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CHAPTER I 

Till- FOKMATFiN AND COMPOSITION OF COAL 


Primary source of enerj'y—The atmosphere of prehistoric days—Forma¬ 
tion of carl>oii (1 ioxk1 <‘ during combustion, resjnration and fermenta¬ 
tion—Decomposition of carbon dioxide by vegetation—llic action 
of chlorophyll-Calories and British Thermal Units—Formation of 
vegetable deposits in tlie carboniferous period—Drift deposits— 
Action of time, lenipcraturc and pressure—Conversion of woody 
fibre to coal -Theories as to the nature of the change—Mineral 
^coTistitiienls in coal—Nitrogen—Water—C ajIIuIosc and ligno-cellulosc 
—Humic and iilnnc, acirls—'IVrliary coals, brown coals and lignites 
— Rosm constituents- Formation of Ixigliead cannel and shale — 
Theory of the constitution of coal—The binding material in coke— 
Weathering of coal--Spontaneous ignition——Ignition point 
of coals—Absorptive power of coals—Action of scilvents on coal— 
Anilm and pyridine—Extraction of coal by pyridine—Water in 
coal —Ash ol coal—trriincr's classification of coal—Microscopic 
character of coal. 

Tn9 great generalisations wliich underlie all processes of change, 
and which we know as the conservation of energy and matter, 
teach us that we have not the power to create or destroy. 
Although we may change the form of matter to an almost 
endless extent, yet our powers are limited to these transmu¬ 
tations, and beyond this we cannot go. 

The sources of energy which are at our disposal for the 
generation of power are gravity, muscular force and heat, 
and if investigation be carried further, it is found that the sun 
•is the source of them all, and that without the sun their existence 
would be an impossibility. It is the energy of the sun that 
pauses the wonderful changes which take place during the 
growth of vegetation, and which over countless ages built up 
forjus the accumulations of fuel which form our coal-fields. 

In the prehistoric days, long ages before man appeared on 
the surface of the earth, the probabilities are that the aftmo- 
sph*re differed widely from that of to-day, and was far richer 
in carbon dioxide and more highly charged with water vapour, 
and that in reality it was only after countless ages of vagetable 
f;rowth that an atmosphere capable of supporting the_higher 
forms of animal life was formed. 

A 
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To explain this we must consider the actions which at the 
wesent time keep the atmosphere constant, and, by- creating 
i balance between animal and vegetable life, make both possible. 

When animals or human beings breathe, the life-supporting 
jrinciple of the air is exchanged for carbon dioxide, which by 
:his process is continually being poured into the atmospiiere ; 
ind this gas is also formed during all processes of combustion, 
whether they be rapid, as when wood is burnt in a fire, or slow, 
IS when vegetable matter rots away. It is also produced by 
srocesses of fermentation, and e,scapcs in enormous quantities 
nto the atmosphere from the earth from natural camses. 

It must be remembered that during most processes which 
'ive rise to carbon dio.\idc, oxygen is being absorbed, and it 
las been computed that this takes place at the rate of over three 
ind a half milhon tons per diem—a rate which would rapidly 
liminish the percentage of oxygen and increase that of carbon 
lioxide, the air lieing rendered unfit to support animal life. 

It has, however, been shown, by the researches of Fruchot, 
jchultzc and others, that in the open air the percentage of 
arbon dioxide varies but little, the average amount being 
our volumes in ten thousand of air—this quantity decreasing 
luring rain and increasing during frost and fog, and at night- 
ime, but again diminishing after sunrise. It is therefore evident 
hat there is some natural agency at work which tends to neu- 
ralisc the effects of animal life and decay, and it is found that 
'egctable life plays an important part in this process of 
mrification. < 

This regeneration is due to the rays of the sun, and the growth 
if vegetation is the means by which it is brought about. All 
he ordinary forms of plant in which the green colouring matter, 
mown as “ chlorophyll,” is present owe their growth to energy 
lerived from the sun. By its influence the chlorophyll con- 
ained in the plant cells absorbs carbon dioxide and water vapour 
rom the atmosphere, whilst more moisture and small quantities 
if mineral salts are drawn in by the roots. The chlorophyll 
hen acts on the absorbed carbon dioxide and water vapour, 
.nd a marvellous series of interactions ensues, which results 
n the formation of starch granules and sugars, which after; 
pards become practically the food of the plant, and are incor- 
lorated as the woody fibre of which the solid portion chiefly 
onsists, the completed action being of some such nature as 
hafexpressed by the equation— 


Carbon 

dioxide. 


Water 

vapour. 


Cellulose. 


^ 0 

Oxygen. 


6 COj -f- sHjO -f Sun’s energy = CjHijOs + 60 j ^ 
It is th'i oxygen so liberated in the early days of the world’s 
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history which, according to some theorists, formed the atmo¬ 
sphere, and'has since kept the oxygen present in it in a practically 
constant quantity. 

• The above equation, however, represents only the first and 
final stages of a series of actions and interactions, the course 
of whfth is but little understood; l)ut tlie fact that the energy 
of the sun is necessary to bring about tliis change can be readily 
seen by the growth of vegetation when deprived of light. Under 
these conditions the plant will form merely a few sickly and 
colourless shoots, wjiilst on the other hand recent experiments 
have shown that ordinary vegetation can be accelerated in its 
growth by the illumination ^om certain forms of artificial light 
during the hours of darkness. 

Exhaustive researches that have been made upon plant 
life point to the function of the chlorophyll in the growing 
plant being three-fold. It is the rays in the immediate neigh¬ 
bourhood of the red and orange in the spectrum which are the 
most active in causing the assimilation of the carbon dioxide 
and water vapour; and the chlorophyll absorbs other rays 
whieJi hinder the formation of carbohydrates, transforming 
rays of short wave length into those rays which most favourably 
affect the production of the sugars and starch, which are the 
food of the plant structure ; and it thus also acts by the con- 
v^ion of light into heat. 

The usual statement that the solid matter of the plant 
consists of cellulose is, of course, only approximately true, 
as ceilulose is only one of several modifications produced by 
the actions taking place in the growth of the plant. The 
chemical actions which have resulted in the formation of the 
cellulose have required an expenditure of energy which, in the 
primary decomposition of the carbon dioxide and water vapour, 
can be expressed in terms of the heat necessary to raise a unit 
weight of water one degree. 

A unit weight of carbon in burning to carbon dioxide raises 
8137 water 1° C., or 14,647 units of water 1° F. The 

former we speak of as “ calories,” and the latter as “ British 
thermal units.” So also a unit weight of hydrogen in burning 
tj form water develops 34,500 calories, or 62,100 British thermal 
units (B.Th.U); and in order to again decompose the carbon 
dioxide and water, so as to liberate the unit weight of carbon 
and of hydrogen, just the same amount of energy expressed in 
heat units will be absorbed. In the plant this energy has been 
deriv|d from the fun, and has been rendered partially latent 
in the cellulose, and when this compound is burnt as wood so 
as to convert the carbon and hydrogen again to carbon dioxide 
a»d water vapour, the stored energy in the form of heat is 
once more set free and can Be utilised for heating purpjsesf 
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When the monster vegetation of the carboniferous period 
grew, it is evident that, although the plant formfe 'were of a 
simpler structure than is found in their descendants, the 
actions involved in their growth were the same as those u'e 
have considered, the great difference being in the rapidity 
with which they grew and the size which they attained,‘-which 
may be taken roughly as twenty times that of their modern 
types. We know the rapidity with which in tropical regions 
the marsh plants spring up, attain great size, and then rot 
down, and it was a similar action, accentuated by licfjt from 
the cooling earth below and the richness of the atmospheiv 
in plant food, i.c. carbon dioxide and viator vapour, that induced 
in the vegetation of the coal age an exuberance of growth that 
has never been equalled since. 

The great vegetable deposits so formed rapidly accumulated, 
as it must be remembered that during this period decay as we 
now know it could not have existed—oxygen was only 
beginning to accumulate in the air, and the processes of slow 
combustion, by which nature now rids the earth of waste matter, 
were practically inoperative, so that nothing but what we call 
to-day “ checked decay,” i.e. changes at the exjjense of the 
combined oxygen in the vegetable matter, could take place, 
and deposits of a size that would be impossible with the 
atmospheric conditions now e.xisting were easily formed. 

The conversion of vegetable matter into coal gives a loss 
in weight of about 75 per cent., and as the specific gravity of 
coal will vary from about i.i in the lignites to 1.4 in tke an¬ 
thracite, the volume of coal can be only from one-ninth to one- 
sixteenth the volume of the vegetable magma from which it was 
formed. When one considers the original depth of the vegetable 
dejKJsit that gave rise to any thick coal seam—s?y the South 
Staffordshire lo-yard scam—one feels that no deposit that 
could form under present conditions would explain it. The 
Staffordshire coal would represent one-tenth to one-twelfth 
the volume of the original vegetation, so that the lo-yard seam 
represents a deposit extending over many square miles anjj, 
say, 300 feet in thickness, which, of course, even with the factor 
of geological time at one’s disposal, would appear incredible. , 

An examination of the seam, however, shows it to consist 
of not one deposit, but twelve or thirteen; very thin deppsits, 
called “ partings,” existing in between the different parts of 
thd^ seam. These partings, as the seam is traced northwards, 
gradually open up into wedge-shaped majises of sanc^tone 
and shale, clearly showing that the bed has been formed at 
the rtiouth of a big river, and that the various parts of the 
seam represent great masses of floating vegetable lumber 
btou|ht down by the stream and'^probably deposited on the 
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silt bank at the mouth of the river, and that as it has sunk 
down owtnp; to becoming denser from partial decay, a fresh 
deposit has formed over it. 

• The vegetable deposits which the action of time, heat and 
pressure converted into our coal seams have many of them 
evidently grown in situ, as is shown by the underclay, which 
is loaded witli fossil roots (stigmaiia). These seams as a rule 
are found extending over a large area and arc generally of a 
uniform thickness, whilst the strata in which they occur also 
exhibit«the same uniformity. 

• Other coal-fi(Jds, liowever, evidently owe their origin to 
cnonnous masses of watef-logged drift, which have been brought 
down by great rivers and cieposited in the deeper parts of 
primeval .seas or lakes ; scams formed in this way showing no 
fossil roots in the under strata, wliilst the fossil remains of 
marine life are frequently found in both under and over strata. 

If we descend a deeji mine the rise in temperature is very 
marked, and amounts to about 1° h'. for every 65 feet we descend, 
and ft has been estimated that at a depth of two miles the 
temperature would approacli that of boiling water, whilst at 
a depth of thirty-four miles it would reach that of molten iron. 
We know also the changes of level that take place during earth¬ 
quakes and volcanic disturbances, and the molten lava from 
a .volcano in eruption reminds us that although the earth has 
been cooling down through geological ages so vast that the mind 
fails utterly to realise them, yet it is still only a crust of cool 
•solid^natter on which we live, and wc realise faintly what the 
conditions must have been in the carboniferous age, when the 
solid crust was only a small fraction of its present thickness, 
and contraction was taking place in every direction in the 
cooling eartk. Changes in level and eruptive upheavings were 
then as frequent as they are now rare, but only a century ago 
an earthquake in the vaUcy of the Mississippi lowered the level 
of many square miles of the country below water level, and sub¬ 
merged the cypress forests that were upon it, these being rapidly 
bpried by the clay and silt washed down by the rush of water. 

In the same way the monster deposits of the coal age brought 
b^ subsidences of the land below water level became covered 
with soil, sand and silt, and when the water drained off to some 
lowe* level vegetation again started and formed a second area 
of deposit, repetitions of these actions giving the various seams 
that we find in a coal-field. If the area on which the vegetcfble 
deposit was formed was level, the seam also would be level, 
but the continued contraction of the cooling earth caused a 
crumpling of the first formed crust, it being thrown uptvards 
irf one place and forming .valleys its others, the seams Wng 
bent with the enclosing strata, whilst when the over-bending 
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of the crust fractured the seams and strata, the faults or breaks 
in the seams resulted. 

It would serve no useful purpose to go more fully into the 
details of the geological conditions influencing the formation 
of the coal measures and the strata in which they are found, as 
this can be obtained from any standard work on geology. We can 
now obtain a general idea of the outline of the chemical changes 
taking place in the conversion of the vegetable matter into coal. 

Analysis shows that the main change wliich the mass is 
undergoing whilst exposed to the action,- of checked’'decay, 
induced and carried on by heat and pressure through countless 
ages of time, consists of an elimination of carbon, hydrogen and 
oxygen in the form of carbon dioxide and methane. 

The following table indicates the way in which the gradual 
elimination of the hydrogen and oxygen altered the cellulose 
of the growing plant to the product of our coal seams: — 


The Conversion or Woooy Fibre to Coal 
(Butterfield) 



C.trbon. 

Hydro¬ 

gen. 

Oxygen. , 

Nitro¬ 

gen. 

Sulphur, j 

Ash. 

Cellulose 

44-4 

6.2 

49-4 




Dry wood (average) 

48v5 

6.0 

4 .F .5 

0.5 


1-5. 

Dry peat 

58.0 

6.3 

30.8 

0.9 

trace 

4.0 

Lignite 

97.0 

.l-i 

IQ-."! 

i.i 

I.O 

6-3 

Coal . 

77.0 

.Fo 

7.0 

1-5 

i 1-5 

1 «S.o 

Anthracite . 

90.0 

2-5 

0.25 

0.5 

0.5 1 

4.0 


This action is made even more manifest by calculating 
the analysis so that the carbon is kept at a fixed quantity, 
which brings into bold relief the gradual elimination of the 
other constituents of the cellulose. 


The Conversion of Woody Fibre to Coal 
(Percy) 


1 

j Carbon. 

Hydrogen. 

Oxygen. ^ 

iWood .... 

. , 100 

12.18 

88 «D 7 

Peat .... 

. ! 100 

9-85 

55-67 

Lfgnite 

100 

8.37 

42.42 

Bituminous coal 

. ' 100 

> 6.12 

21*23 

1 Anthracite (Wales) 

. ' 100 

4-75 

5.28 

Antftracite (Pennsylvania) 

100 

2.84 

1-74 

i Graphite . . x 

* 9 

. , 100 

• ' 
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These changes in composition may also be traced in iSie 
calorific -vMue, and show the thermal advantages gained by 
the elimination of the oxygen during these processes of natural 
distillation. 

Calories per kilo. B.Tli.U. per lb. 

'*■ Wood .... 4771 8,588 

Peat(dry) . . . 5600 10,080 

Lignite .... 7000 12,600 

Bituminous coal . . 8446 15.203 

.Anthracite ^ . . 8677 15,618 

Time alone, however is not the only cause of the alteration 
in the character of the coM. Temperature and pressure play 
so important a part that it is unsafe to base any far-reaching 
ideas as to the age of a coal upon the amount of natural car¬ 
bonisation which it has undergone. 

So far all authorities are agreed; but the changes which 
take place in the conversion of the plant material into the 
coal and the nature of the compounds present in the various 
kinds of coal, which give this body its widely diverging char¬ 
acteristics, still remain unsolved, in spite of the century of 
work which has been expended on the problem and the fact that 
it has been attacked from almost every point of view. Most 
of the theories that have been brought forward assume that 
the original material from which the coal has been formed is 
^((CjHijOj), by which empirical formula is represented the 
“ cWliiloses,” and in which the ratios of the atoms lend them¬ 
selves to an easy explanation of the formation of various kinds 
of coal by the subtraction of various proportions of the known 
gaseous products of checked decay taking place in the formation 
of peat, ligjiite and coal, i.e. methane, carbon dioxide and water. 

The infiltration of water holding oxygen in solution has 
been held responsible for actions that have resulted in the 
concentration of the carbon owing to the evolution of these 
compounds; whilst the action has also been looked upon as 
one of dehydration. The conditions under which the coal 
*has been formed, however, are so varied that both theories 
^can find some ground for support. But all such theories assume 
that coal is a definite compound, and that the variations can 
be represented empirically by a formula. Our only knowledge 
of the coal plants is derived from their fossilised remains, and 
as the destruction in their structure has been almost complete, 
th^ evidence to^ be obtained is very small. But although of 
an entirely different and far more simple form, the plant life 
of the carboniferous period, from which the coal deports have' 
•been formed, must have been as divergent in character as the 
sphagnum of a peat bog is from th# timber of a forest. 1 
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i;he carbonisation of coal' 

•Although cellulose is the main constituent of the woody 
fibre of all plants, yet there are also found in it lignorcellulose 
and other allied compounds, together with very varied ex¬ 
tractive matters in the sap. Even supposing that all the plants 
had undergone the same treatment as regards time, temperature 
and pressure, it is only natural to expect that the resulting 
coal would show wide variations in composition ; and as the 
conditions of formation differ more widely even than the material 
dealt with, it is not to be wondered at that great variations 
arc to be found not only in coal from separate scams in a colliery, 
but also between different parts of the same 4 'am. . 

In addition to the dilficulty causri by our ignorance of 
the changes that have taken place "under conditions of which 
we know but little, and in material of the most variable com¬ 
position, the coal itself behaves in such a refractory manner 
towards ordinary solvents and reagents that the most we can 
gather about its constitution is the knowledge deduced from 
an ultimate analysis giving its percentrage composition, or an 
approximate analysis showing the effect upon it of heat, in 
causing it to yield fixed carbon, volatile matter, moisture hnd 
ash. 

The most satisfactory view to take of the composition of 
coal is that it is an agglomerate of the solid degradation products 
of vegetable decay, together with such of the original bodies 
as have resisted to a greater extent the actions to which thf‘ 
material has been subjected. 

All the plants of which we have fossilised record in»>aur 
coal measures consisted of sedges and reeds, tree ferns, club 
mosses or lycopodia, and trees akin to the pine; but in those 
prehistoric days the excess of carbon dioxide, warmth and 
moisture caused the vegetation to grow with a., succulent 
freedom and rapidity unknown in later days, which rendered 
their tissues easily susceptible to decay and fermentation—> 
actions which left only the more resistant unchanged. The 
work of Morris, Carruthers, Fleming and Huxley has shown 
us that the bituminous matter in coat is largely derived from 
the spores of fossil mosses akin to the lycopodia. The club‘ 
mosses of to-day give in their spores the body known as lyco¬ 
podium, a yellow powder of an exceedingly resinous and in¬ 
flammable nature. Spores of tliis character from the giant 
growths of the carboniferous period, together with the more 
resinpus portions of plants of the pine family, are the substances 
which have best resisted the actions taking place during the 
ages that have elapsed in the formation of coal, and wliich 
are to Ije found, fossilised, but otherwise but little changed, in 
the coal body. t 

Although when considering the changes that have taken 
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place in the formation of coal we deal only with the carbdh, 
hydrogen* hnd oxygen in its composition, yet coal contains 
other bodies, which, however, in all probability do not play 
Viy important part in the actions that lead to the change. 
The mineral constituents of the sap and fibre of the original 
vegefiation may be left out of the calculation, as although the 
reduction of the sulphates to sulpliidcs, and the combination 
of the sulphur with iron from the surrounding .soil to form 
pyrites and organic compounds containing sulphur, and the 
deposition in the mass of other water-carried salts, all tend 
4o the production of the ash of tlie coal, yet they affect the 
carbonaceous material milj^ to a very slight extent. So also 
nitrogen compounds (which arc found in every fuel of vegetable 
origin) are present in all stages of the formation from peat to 
coal, but their presence may be disregarded; whilst water, 
although probably an active factor, and also a product of some 
of the decompositions, cannot be taken into account in con¬ 
sidering the actual course of the changes from analysis of the 
body produced. Hence, in tracing the probable course of the 
degradation of the vegetable matter through its various stages, 
it is better to ignore all such factors and deal only with the 
variations of the carbon, hydrogen and oxygen in the material. 

In the fibre of the original plants there are found two well- 
defined bodies—cellulose, as represented by cotton fibre, and 
ifgnose, as represented by jute fibre. In the former the per¬ 
centage of carbon is 44, in the latter 47, each giving distinctive 
reaoWons with dilute acids at 70° C., with aniUn sulphate, with 
Schultzo solution, and with mixtures of sulphuric and nitric 
acids. Starch is present in the cellular tissue, and there are 
also present the extractive and mineral matters of the sap. 

Amongsi the extractive matters arc gums—such as those 
exuding from the acacia and cherry, but also present in the 
juice of many plants—mucilage, vegetable jelly—the gelatinising 
agent of many juices—resins, essential oils and other well- 
defined bodies. Some of the essential oils absorb oxgyen and 
|orm resins, which, being more resistant to change, accumulate 
in masses of decaying vegetable matter, and large quantities 
pf them are found in the lignite beds in a fossilised state. 

During the changes brought about by decay the carbo- 
hytotes and extractive matters, in the presence of moisture 
and air, become converted into carbon dioxide and water, 
but if the free access of air is checked, the action is slowed 
doim and carbon, dioxide and methane are evolved. 

In a mass of rotting vegetation undergoing checked decay, 
fermentation plays an important part, and Renault, #n ms 
nesearches upon ^at, found that fungi and bacterial ferments 
were the most important fketors in the conversion o^ ve^table 
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fiSre into peat, the resulting ulmic compounds having the 
composition— ‘ • 

Carbon.65.31 

Hydrogen.3.85 

Oxygen.30.84 - 

Mulder also, at an earlier period, found that certain bodies 
could be extracted from peat, to which he gave the name of 
ulmic and humic acids; and Einof, Proust and Brajonnot 
formd that such bodies formed the chief portion of peat 

Carbon. iHyUrogcn. Oxygen. Nitrogen. 

Humic acid . . 60.13 4.74 31.52 3.61 

Ulmic acid . . 62.03 4.65 33.33 

Herz found bodies of the same character in lignites, which 
he called carbo-humic and carbo-ulmic acids, having the 
composition— 

Carbon. Hydrogen. Oxygen. 

Carbo-humic acid . . . 64.5Q 5.15 30.26 

Carbo-ulmic acid . . . 62.36 4.77 32.87 

Fremy found that a mixture of nrorrohydrated sirlphuric 
acid and nitric acid was capable of dissolving not only lignite 
but bituminous coals, giving a dark brown solution, from whidh 
an ulmic compound is entirely precipitated by water; and 
Anderson has shown that with similar treatment compounds 
of the same character can be obtained from both caking and 
non-caldng coals. 

The bodies obtained in this way are probably not definite 
compounds, and resemble the residues left by thp action of 
dilute acids on sugar and starch. There seems to be no doubt, 
however, that in all bituminous coals there are present de¬ 
gradation products of a humus or ulmic nature, and these are 
probably the portion containing the nitrogen. The com¬ 
position of such a body will approximate to— 

Carbon . . .63 per cent. 

Hydrogen . . . 5 „ 

Oxygen . . .32 ,, 

The tertiary coals, like the brown coal and lignite deposits, 
are rich in fossil gums and resins, and a number of these have 
been isolated and analysed. In Friesland peat, Mulder* has 
I found resinous bodies of a similar character— 
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‘From these figures it will be seen that there is but little 
difference between the products from the lignite and ‘Mulder’s 
peat resins ; whilst it is interesting to note that in the lignite 
of Saxony layers of opaque, yellowish-brown matter are found* 
(the pyropissitc of Kenngott) which yield up to 62 per cent, 
of paraffin on distillation, and is the body from wliich 
Wackenroder and Bruckner extracted their resins. Bodies of 
the same character have been repeatedly extracted from coal. 
It is evident, therefore, that in coal there are resin bodies 
approximating to the general composition . • 

Carbon . . . • • 7.5 per cent. 

Hydrogen . . • . ii 

Oxygen . . . . 10 ,, 

The amount of resin constituents in the original vegetation, 
and which concentrates itself in the coal, must play an im¬ 
portant part in the chemical changes taking place during the 
formation and ultimate composition of tlic coal; and although 
the plants that flourished in the coal age were of a very differ,ent 
character to those of later periods, yet in all probability the 
variations in their extractive matters differed to much the 
same extent as in the flora of to-day. Thus, some deposits 
would be formed from vegetation containing but little of the 
resin-forming constituents, whilst others would be rich in them^ 
This difference makes itself evident in the physical characteristics 
of the lignites, which are sometimes more like wood than coal, 
whilst at others they arc black and shining, and with a (ftn- 
choidal fracture; these variations in appearance being due 
to the conditions under which they have been formed and to 
the amount of resin-forming constituents present. 

The resin constituents as they exist in the ix;at deposits 
of to-day are present only to the extent of 5 to 10 per cent., 
but in the decaying vegetation of the carboniferous period 
the percentage was probably much higher. The humus, un¬ 
protected by it, rapidly undergoes decomposition, with con¬ 
centration of carbon and evolution of methane, carbon dioxide 
and water. With increase in the thickness of deposit the 
temperature probably rises, and the ratio of resin constituents, 
advancing in proportion to the concentration, binds together 
the mass, and forms a protection to the remaining humijs, 
with the result that after the lapse of centuries lignite is formed. 
If th» amount of resin constituents has been small or has been 
distributed unevenly throughout the mass, thg, lignite is lojsc 
in structure, and during the ensuing ages continues decom¬ 
posing until, if the pressure has been great and the temperature 
high, nothing but the residue basis of carbon and trace of resin* 
constittfcnt ^rc left, in the form of sTeam coal or anthracite. 
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Under other conditions they may remain mixed with the; 
bitumineds coal in a scam, and form the " mother of coal.” 

With a high proportion of resin bodies on the other hand¬ 
ers in the case of a drifted deposit of spores from lycopodia 
-and with a high temperature, the resins may become semi- 
liquM, and, mingling with the surrounding earthy deposits, 
will give such compounds ,as boghead cannel, the organic matter 
of which has the same composition as resin, whilst the ash 
amounts to 33 per cent. Some of the so-called cannels, 
however, arc simply very rich bituminous coals. When the 
temperature has been high enough, some of the resin constituents 
practically distil into the under-lying clay, yielding some forms 
of shale. 

Isomeric and other changes in the resin bodies may be 
brought about by heat, whereby their behaviour to solvents 
is altered. When the heat is accompanied by pressure, the 
resins are in some cases decomposed, forming various hydro¬ 
carbons, a long series of which were isolated by Renard. Hydro¬ 
carbons like retene (C^sH^8) have frequently been isolated, 
and tills body is found m many lignites. Within the last few 
months Pictet and Ramscycr have isolated hexahydrofluorene 
(CjjHjj) and others of the hydro-aromatic hydrocarbons from 
coal—bodies which are resolved into aromatic hydrocarbons 
and hydrogen on destructive distillation. Renard long ago 
Isolated not only saturated hydrocarbons like pentane and 
hexane, but also hexahydrides or naphthenes isomeric with 
th» ethylene series, from the resin oil obtained by distilling 
wood resin at a low temperature (350° C.; 632° F.); among 
these hexahydrides being C,Hj4, C^Hjg, and CiqHjo. The 
presence of bodies of this character in low temperatures coal 
tar is a fujther proof of the presence of the resin bodies in coal, 
whilst one knows the amount of higher paraffins that are present 
in peat. 

All these degradation products of the original vegetation 
are to be found in the bituminous coals, the residual body 
and humus forming the basis, which is luted together by the 
hydrocarbons and resins ; and the characteristics of the various 
kinds of coal owe their variations to the proportions in which 
the four groups of the conglomerate are present. Each of these 
constituents of the coal has its own characteristic products of 
decomposition when the coal is carbonised. The humus bodies 
yield a large proportion of the gaseous products, and show no 
sim of melting, j)ut begin to break up at about 300° C. (572° F.). 
With increase in temperature the decomposition becomes, 
more rapid. Water distills over in the early stages, ^he tar 
Js thin and poor in quantity, and the gases up to 600° C. {iii2°F.) 
consist of hydrogen, methane and‘carbon dioxide, ^th^maller 
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quSintities of carbon monoxide and traces of other saturated 
hydrocarbons. The decomposition can be completed below 
800° C. (1472° F.), but if the temperature be run up to 1000° C. 
(1832° F.), the amount of carbon monoxide increases, owing 
to the reduction of some of the carbon dioxide by the red-hot 
carbon, whilst hydrogen and methane are still evolved. 

If the humus be slowly heated, a large proportion of the 
oxygen is given off, in combination with hydrogen, as water 
vapour, but if the temperature be raised quickly a larger pro¬ 
portion combines witli carbon to form carbon monoxide and 
dioxide. The residue shows no sign of caking, whilst it requires . 
a large proportion of cementing material to make the particles 
cohere. The resin bodies and hydrocarbons which form the 
cementing portion in the coal melt between 300“ and 320° C. 
(577° and OoG” F.), and if a coarsely powdered sample of the 
coal becomes pasty or semi-fluid at this temperature, it is a 
strong indication that the coal will coke on carbonisation— 
a fact noted by Anderson, and which has proved very useful, 
in practice, as a rough test. About these temperatures also 
the resin bodies and hydrocarbons begin to decompose. ’ 

At low temperatures the resin bodies yield saturated hydro¬ 
carbons, unsaturated, chiefly hexahydrides or naphthenes, 
together with some oxygenated compounds. The hydro¬ 
carbons yield paraffins and liquid products, and all these primary 
constituents undergo further decompositions at slightly highe? 
temperatures. The liquids so produced distil out as tar vapours 
and hydrocarbon gases, and leave behind the residuum pifeh, 
which at 500° C. (932° F.) forms a mass already well caked 
together if the residuum from the humus is not too large in 
quantity. The coke formed at this temperature is soft, but if 
it be now heated to. 1000° C. (1800° F.) the pitchj residue is 
decomposed still further, yielding gas and leaving carbon, which 
binds the mass into a hard coke. 

Muck and other observers have shown that it is not always 
the coal which is richest in volatile matter that evolves gas 
most rapidly or yields the most hydrocarbons. This naturally^ 
follows from the fact that the coals which have the highest* 
oxygen content are mostly those giving high volatile matter.^ 
As these are rich in humus bodies, which yield most of the 
diluting gas and but little tar or rich hydrocarbon gases, they 
cannot give the high result of a coal in which the oxygen content 
is about 10 per cent, or rather lower, and which contains a 
large percentage of resin bodies. ^ 

Many theories have been put forward as to the nature of 
*the biniffing material in coke. Some declare that it is the 
residuum of the semi-fused constituents of coal, whilst Wedding# 
and others ^consider that it !s carbon'deposited by the decom- 
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position of heavy hydrocarbon vapours, which is undoubtedly? 
the cause.cff the carbon hairs found in coking. It seems most 
probable, however, that the cementing material is due to liquid 
products, the most volatile of which arc driven off as vapours, 
leaving pitch, which carbonises and binds the mass into coke. 

TJte binding material must be formed below 450° C. (842° F.), 
as if a good coking coal be carbonised at 450° C. a coke is 
obtained which, although not strong, is perfectly luted together. 
If this low temperature coke be powdered and again carbonised, 
a larg« yield of poor gas is evolved, but no coking takes place. 
There can be no doubt that the coking is due to the tar derived 
from the resins and hydrocarbons in the coal, which on heating 
leaves the pitch by which th? coke is luted together. 

These resin bodies also play a very important, if not the 
chief, part in the weathering of coal. The weathering of coal 
is a phenomenon which depends upon the absorption of oxygen 
from the air. This weathering is fatal to the coking of some 
kinds of coal, the slacks of which are so susceptible to oxidation 
that a few days’ or weeks’ exposure destroys their coking power. 
SomJ vegetable resins, such as copal, are well known to have the 
power of absorbing oxygen with great rapidity, and common 
resin itself has been formed by the oxidation of turpentine. 
These bodies then are the compounds in the coal most likely 
to possess this property of absorbing oxygen, and it is the 
cTiemical action so caused which leads to slow combustion, 
and when accelerated by any rise in the surrounding temperature 
is capable of causing the spontaneous ignition of masses of 
coal. 

The spontaneous ignition of coal has been the cause of an 
enormous number of serious accidents. The earUest theory 
as to its ca^e was that it was due to the heat given out during 
the oxidation of the pyrites or " coal brasses,” which are com¬ 
pounds of sulphur and iron, and are present in varying 
quantities in nearly all coal. This idea has to a certain extent 
held its ground up to the present time, in spite of the researches 
<ji Dr Richters, who nearly twenty-five years ago showed that 
the explanation was an erroneous one. Even earher, in 1864, 
pr Percy pointed out that the cause of spontaneous ignition 
was probably the oxidation of the coal, and that the p5?rites 
had but little to do with it. 

{*yrites is found in coal in several different forms, some¬ 
times as a dark powder closely resembhng coal itself, and, 
in lyger quantities, in thin golden-looking layers in the deav^e 
of the coal, whilM sometimes it is found in masses and veins 
of considerable size. These masses, however, are ve^ heavy, 
and are carefully picked out from the coal and utilised in various 
manufactures. The yellovf pyrites ^d even the dar^ vaMeties, 
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«fhen in the crystalline form, remain practically unaltered 
even after long exposure to air and moisture, but thi amorphous 
and finely divided portions will oxidise and effloresce with great 
rapidity. It is during this oxidation that the heat is supposfd 
to be generated. 

Some coals that are liable to spontaneous ignition Antain 
only 0.8 per cent, of pyrites. If we imagine this to be con¬ 
centrated in one spot instead of being spread over the whole 
mass, and to be oxidised in a few hours, the temperature would 
rise only a few degrees, and under ordinary circumstanecs this 
rise in temperature would bo practically inappreciable. • 

The oxidation of masses of pyritet under certain conditions 
gives rise to the formation of fflrrous sulphate and sulphur 
dioxide, with liberation of sulphur, and one might easily imagine 
that this free sulphur, which has an ignition point of 250“ C. 
(482° F.), would play an important part in the action by lowering 
the point of ignition. This, however, could happen only with 
larger masses of pyrites undergoing oxidation. With the small 
amount of pyrites present in coal, supposing air were present 
in sufficient quantity to oxidise it, the sulphur formed would 
be converted into sulphur dioxide at temperatures as low as 
60° C. (140° h'.). This oxidation of sulphur at low tempera¬ 
tures is an action not generally known, but it takes place with 
considerable rapidity. The only way in wliich pyrites can 
assist the spontaneous ignition of coal is that when it oxidilcs 
it helps the general rise of temperature, and by swelling splits 
up the coal, thus exposing fresh surfaces to the action the 
atmospheric oxygen. 

The igniting points of different kinds of coal vary con¬ 
siderably— 


Cannel coal 
Hartlepool coal 
Lignite coal 
Welsh steam coal 


ignites at 668° F.=^370° C. 

„ 766° F.=4o8° C. 

„ 842° F.=45o° C. 

,. 870° F.=477° C. 


So that it is impossible for the small trace of pyrites scatterejl 
through a large mass of coal and slowly undergoing oxidation 
to raise the temperature to the necessary degree. , 

When coal is heating a distinctive and penetrating odour 
is evolved, which is the same as that noticed when woqd is 
scorched. The gases produced consist of nitrogen, water 
vapour, carbon dioxide, carbon monoxide, hydrocarbons of 
the paraffin series, and sulphuretted hydrogen, the pregence 
of the latter gas showing beyond doubt that oxidation of the 
sulphur has little or nothing to do with the action. 

Ever since coal has been generally adopted as a fuel it h*s 
been«rec(^nised that gresft care wls necessary in the storing 
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and sliipment of masses exceeding 1000 tons. If the coJl 
has been sCored wet or in a broken state, firing or heating of 
the mass has frequently taken place. Much inconvenience 
aed loss has been caused by tliis on shore, but the real danger 
has occurred during shipment; and owing to this many a 
vessePhas been lost with all hands, without any record of the 
calamity reaching shore. 

Owing to the greater facility for treating coal when it becornes 
heated on shore in coal stores and gasworks, absolute ignition 
takes place only rarely, and it is from evidence obtained in the 
»ase of coal cargoes that we learn most as to the causes wliich 
lead to it. • 

Certain kinds of coal exfiibit the same power of absorbing 
gases which charcoal- has, although to a less degree. The ab¬ 
sorptive power of new coal, due to this surface attraction, 
varies, but tlie least absorbent will take up one and a quarter 
times its own volume of oxygen, whilst some coals absorb 
more than three times their volume of the gas, which gives 
rise to an increase in temperature from compression, and tends 
to accelerate the action wliich is going on, but is rarely sufficient 
to bring about spontaneous ignition. As only about one-third 
the amount of oxygen is absorbed by coal that is taken up by 
charcoal, the action is much slower, and tends to prevent the 
temperature reaching the high ignition point of the coal. 

* When coal absorbs oxygen the compressed gas becomes 
chemically very active, and soon commences to combine with 
the iurbon and hydrogen of the resinous portions, converting 
them into carbon dioxide and water vapour. As the tempera¬ 
ture rises so this chemical activity increases, so that the heat 
generated by the absorption of the oxygen causes the oxygen 
to enter rigidly into chemical combination. This kind of 
chemical combination—oxidation—is always accompanied by 
heat, and this further rise of temperature helps the rapidity 
of oxidation, so that the temperature rises steadily. When 
this takes place in a large mass of coal, which, from physical 
C3,uses, is an admirable non-conductor, it will often cause such 
heating of the mass that, if sufficient air can pass into the heap 
i^i order to continue the action, the igniting point of the coal 
will be reached. 

:^t has been suggested that very bituminous coals, such as 
cannel and shale, are liable to spontaneous ignition from the 
fact that heavy oils would exude from them on a rise of tem- 
per^{,ure, and th^t these by oxidising might produce rapid 
heating. Experiment, however,' shows that tms is not the 
case, and that the heavy mineral oils have a decided effect in 
retarding heating. 

We can now trace the hetions which culminate ii) igiStion. 
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Ks soon as the coal is brought to bank, absorption of oxygen 
commences, but, except under rare conditions, the coal does 
not heat to any great extent, as the exposed surface is com- 
V^pamtively small, and the size of the masses allows of the air 
having free access to all parts, so keeping down the temjierature. 
After the coal has been screened and the large pieces of pyrites 
picked out, it is put in trucks. Here it begins to get broken 
up, owing to the many joltings and shuntings, and so offers a 
larger surface to the action of the air. When it has arrived 
at the ship it is further broken up by being shot down Hie tijrs 
or shoots. More harm is done at this than at any other period, 
for the coal is broken by reason of tne distance it has to fall, 
and, as it has to bear the impact of every succeeding load falling 
upon it, it rapidly becomes slack, so that under the hatchway 
of the ship there is a dense mass of small coal. This soon rises 
in temperature by reason of the large surface exposed to the 
air and the consequent absorption of oxygen. This sets up 
chemical combination between the oxygen absorbed by the 
coal and the hydrocarbons, and in some cases culminates in 
combustion. 

It is found that the mass of coal exercises a most important 
action in the liability to spontaneous combustion. Although 
with cargoes of 500 tons of coal cases of spontaneous com¬ 
bustion amount to only about a quarter of a per cent., when 
the bulk is increased to 2000 tons the number rises to 9 per 
cent. Tlus is due to the fact that the larger the cargo the 
more non-conducting material will there be to keep ifi the 
heat, and also to the fact that the breaking up of the coal and 
the exposing of fresh surfaces will, ot course, increase with 
increase in mass. It is also found that coal cargoes sent to 
European ports rarely undergo spontaneous scombustion, 
whilst the number of cases rises to a startling extent in ship¬ 
ments made to Asia, Africa and America. This result is due 
partly to the length of time the cargo is in the vessel, the ab¬ 
sorption and oxidation being a comparatively slow process, 
but the main cause is the increase of heat in the tropics, whicji 
causes the action to become more rapid. If statistics had been 
taken, most of the ships would have been found to have de¬ 
veloped active combustion somewhere about the neighbourhood 
of the Cape, the action fostered in the tropics having raised the 
temperature to the igniting point by that time. 

Moisture has a most remarkable effect upon the spontaneous, 
ignition of coal. The absorption of oxygen is at first retarded 
by external wetting, but after a time the presence of moisture 
accelwates the action of the absorbed oxygen upon the coal, 
and so causes a serious jncrease of heat. The researches ®f 
Cow^r, Baker, Dixon and others have of late years so fully 
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shown the .important part which moisture plays uriactions of J 
this kind that it is now recognised as a most importairtQcibtca:,^,.-'^^^ 
In order to prevent the spontaneous ignition of iM^iyrttsse^Sr 
dl coal, it is manifest that every precaution should bSSS!(Sr^ 
during loading or storing to prevent crushing of the coal. On 
no account must a large accumulation of small coal be allowed. 
Where possible the depth of coal in the store should not exceed 
6 to 8 feet, and under no conditions must steam pipes or flues 


be allowed so near the mass of coal as to give rise to any increase 
of ternperature. 

Professor Threlfall haij advocated the wetting of coal cargoes 
as a preventative for spontaneous ignition. If 15 per cent, 
or over of water were added to the cargo it would probably 
prove efficacious, but the increase in weight, or rather the 


reduction in the amount of coal the ship could carry, would 
prove a serious drawback, whilst the addition of a smaller 


quantity of water or only partial treatment of the cargo would 
be an active danger. 


Boudouard has shown that humus bodies are produced 
when coal is weathered, and the coking power is thereby lessened 
or destroyed. In seven samples of various coals the humus 
constituents were increased by the oxidation, which seems to 


show that the action of the absorbed oxygen is to attack the 
rasin compounds. An excellent example of this fact showed 
itself during the great coal strike of 1912, when the gas companies 
had 1,0 clear out all their old stores of coal, when it was found 
that in nearly every case the coal had lost all its coking properties. 

As we know that carbon dioxide and moisture form the 


chief products of the earlier stages of the heating of masses 
of coal, it seems probable that the result is a conversion of 
resinic into’kumus bodies with evolution of these gases. It 
is this change that leads to the serious deterioration in the 
gas and tar made from coal which has been too long in store; 
whilst the fact that a cannel coal like boghead or a shale does 
not weather to the same extent is due partly to its dense 
structure, and also, in the same way, is an indication that the 
resin bodies of which it is chiefly composed are of a different 
t^e—a fact borne out by their resistance to certain coal 
solvents which freely attack the ordinary resin matter. 

The lines of research intended to throw light upon the com¬ 
position of coal have been either to distil the coal at various 
temperatures and to draw inferences from the products as to 
the ftature of the* original substance, or to attack the coal 
directly by means of solvents. ^ 

The early attempts to isolate definite bodies from coal by 
solvents were none of them very successful. Ether alsohol, 
petroleum ether and benzol proved to have but little solvent 
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action, (iuignct, by the use of phenol, succeeded in extracting 
a small quantity of a brown amorphous body from a bituminous 
coal, but did not identify it. In 1894 Professor Bedson reported 
to the British Association the results of a long series of cl- 
periments in which, besides these solvents, he also tried,acetic 
anhydride, glacial acetic acid, turpentine and andin (the latter 
solvent proving the most successful), extracting from the coal 
a body of the same character as that obtained by Guignet, 
which, when treated with benzene and ether, yielded on evapora¬ 
tion bodies of a resinous nature. He also found thaf when 
finely divided coal is suspended in boiling water and perman¬ 
ganate of potash is added, o.xidatioii’ of some constituents of 
the coal ensues, and a dark brown alkaline liquid is formed. 

In a further report in 1896 he gave the results of acting 
upon coal with hydrochloric acid and potassium chlorate, 
and showed that chlorinated compounds are formed of the 
same character as tliosc obtained by Cross and Bevan from 
jute fibre. Bedson made a great advance in this line of re¬ 
search when, in 1899, he pointed out the solvent power of 
pyridine bases extracted from coal tar, which dissolved 16 to 
18 per cent, of a Durham coal, but had no action on anthracite 

In 1901 Baker experimented upon the action of this solvent 
on several coals. He found that from Durham coal (Hutton 
seam) 20.4 per cent, could be extracted with pyridine, apd 
that after extraction the residue had lost the coking properties 
of the original coal. This observation was confirmed by 
Anderson and Henderson in 1902, who tried the action of 
pyridine in a research upon the coals of Bengal and Japan, and 
also upon some Scotch coals the coking powers of wliich were 
known. They found that the extraction of a strongly coking 
coal by pyridine weakened the coke, whilst with iiffcrior coking 
coal the property is entirely destroyed. 

In 1908 Professor Bedson read a paper before the Society 
of Chemical Industry, in which he gave the results of experi¬ 
ments upon six coals obtained from the Redheugh gasworks, 
which seem to show that with some gas coals an amount equal 
to practically the whole of the volatile matter capable of being 


driven off by heat can be extracted by pyridine. 

Volatile Pyridine Gasworks 

matter, extract, yield, 

per cent. per cent. c. ft. per ton. 

Can^e 

power. 

I. 

• 34-10 

32-36 

11,381 

16.6s 

11. 

• . 33-28 

35-59 

11,392 

i6fso 

III. . 

- 31-91 

24.58 

11,646 

16.40 

IV. 

- 31-70 

22.81 

11,108 

16.00 

Y. 

- 33-69- 

29.97 

10,913 

16.39“ 

VI. ' , 

c 

- 30.87 

22.53 

10,730 

15.76 
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Now from these figures the inference is that in a coal like W. 
everything»besides the fixed carbon and ash has been dissolved 
—that is, the humus, resin and hydrocarbon bodies—and it 
would have been of the greatest interest had Professor Bedson 
made an analysis of the residue, or at any rate had shown that 
no vsJatile matter was left in it. 

The humus bodies in coal are by far the most resistant 
portion of the volatile matter to the solvent action of the pyridine, 
and are practically insoluble. But there are undoubtedly 
some forms of rosin constituents in coal which are nearly in- 
jSoluble. Bedson found that the volatile matter in canned 
coal varied very much in, its solubility, whilst the hydrocarbons 
in shale were insoluble. Vet the de.structive distillation of 
these bodies showed them to be very rich in resin constituents 
or derivations. It appears probable that in a feebly coking 
coal the coking property is due almost entirely to the soluble 
form of resin constituent, and can therefore be entirely removed 
by extraction with pyridine, whilst, on the other hand, in 
strongly coking coals the property is due partly to soluble 
resia bodies, but to an even greater e.xtent to other hydro¬ 
carbons of resinic origin which resist the solvent action of the 
pyridine, so that the coking property is weakened but not 
entirely destroyed by extraction. 

A similar conclusion was arrived at by Anderson and Roberts 
is 1898 from an entirely different point of view. Dr Percy, 
more than fifty years ago, pointed out the fatal effect of 
wcayiering ujion certain coals and slacks, and showed that if 
a fairly good coking coal was kept at a temperature of 300° C. 
(572“ F.) for a few hours, and was afterwards heated to redness, 
it did not swell and coke. Anderson and Roberts, in trying 
this with i^arious Scotch coals, found that, although it was 
true for a coal of medium coking power, a really strongly coking 
coal had the power only weakened. They found also that the 
same phenomenon could be brought about by treating the 
two coals with sodium hydrate. The conclusion is that, 
although resinous bodies which can be saponified or oxidised 
contribute largely to the coking, yet there are also present 
non-saponifiable bodies which, in breaking up under the influence 
«f heat, yield enough luting to form coke. The action of 
pyridine seems to point to this non-saponifiable body or bodies 
as consisting of substances very probably akin to those found 
in shale and some cannels.. 

Burgess and Wheeler, in a paper read before the Chemical 
Society in 1911, took a Silkstone coal containing 33.4 per cent, 
of volatile matter, and succeeded in extracting 30 per cent, 
by means of pyridine, leaving a coke-like residue, which, on 
distillation at 900° C. (1632° F.) yielded hydrogen and <#xides 
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of carbon, whilst the extract on destructive distillation yielded 
a mixture of the paraffin hydrocarbons and hydrogen. At 
first sight tliis looks as if pyridine was a solvent which could 
be used to separate the Immus and resin constituents. 
Messrs Burgess and Wheeler, however, are careful to point 
out that “ they hesitate to identify absolutely the paeaffin- 
yielding constituents of coal with that portion extracted by 
pyridine.” 

They are wise in being cautious, as there are several anomalies 
to be cleared up. Several times it has been found that after 
extraction the residue contains as much, and sometimes' more, 
volatile matter than the original copl, in spite of repeated 
washings with acid, drying in vacuo, and other forms of treat¬ 
ment intended to eliminate all the pyridine. The composition 
of the extract also shows anomalous results. After the most 
careful measures have been taken to free it from pyridine, it 
will sometimes contain more nitrogen than did the original 
coal. 

So far, the two most successful coal solvents have been 
anilin and i)yridine, both of them alkaline organic bases,'and 
as we have seen that the effect of extraction by pyridine has 
been the same upon the coking power of the coal as treatment 
with sodium hydrate, which saponifies the resin constituents, 
it seems highly probable that the pyridine forms a compound 
with the resin constituents or some portion of them. This 
compound is soluble in excess of pyridine, and if this is 
so, it should be traceable by the presence of nitrogen ip the 
extract. 

In an experiment made by Baker, coal from the Hutton 
seam was treated with pyridine. The re.sidue and extract 
having been carefully freed from pyridine, they were analysed, 
with the following results 


Carbon . 
Hydrogen 
Oxygen . 
Nitrogen . 
Sulphur . 


20.4 PER CENT. Extracted 

Original Coal. Kcsiduc. 

80.82 82.06 

4.66 4.85 

10.81 9.65 

1.84 1.78 

1.84 1.23 


Extract. 

79-37 

5-79 

10.73 

2.66 

1.40 


He queries the iritrogen in the extract, evidently thinking it 
a mistake. ' • 

Anderson also analysed a Bannockburn Main coal, and the 
matter extracted from it by pyridine:— 
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12.() PER CENT. E.KTRACTED 


Original Coal. Extract. 


Carbon . 

86.70 

8339 

Hydrogen 

• • 5.38 

6.05 

Oxygen . 

,‘ 5-94 

7-30 

Nitrogen . 

1.98 

2.86 


In each case there was a large increase in the nitrogen. 
Baker’4; analysis of the residue shows that it did not come 
from the coal. The probabilities are that the extract is a 
feeble compound of the lesin body and pyridine. In the case 
of the Hutton coal the cofiing power was destroyed by ex¬ 
traction, and in the case of the Bannockburn coal weakened. 
The extracts when rUstilled gave very large volumes of rich 
gas and left a strong but intumescent coke. The residues 
after c.xtraction show a still more remarkable anomaly. As 
it is manifestly the resin constituent which has been extracted, 
one would exjrect that on determining the volatile matter in 
the rtisidue it woidd be found to be as much lower as the amount 
extracted, but it proves to be nearly as high as, and in many 
cases higher than, in the original coal, 

Anderson and Henderson in their examination of coals by 
pyridine give the loss of weight of the residues from the ex 
tfaction on heating, wluch are here contrasted with the original 
volatile matter in the coal— 


; Volatile 

. 

J. 

It. 

lit. 

IV. 

' 

V. 

i 

In original' f'al . 

31.98 

39-89 

48.59 

27.4 

36.78 ; 

[ In residue 

39.26 

44.14 

49.14 

29.6 

43.02 i 

Per cent, ex¬ 
tracted . 

10.8 

7.0 

21.7 

12.8 

t 

X 4.5 1 


This increase in the amount of volatile matter present in coal 
Jan mean only that the pyridine has attached itself to some 
constituent in the coal to form a compound insoluble in excess 
of pyridine; but the only analysis published with the per¬ 
centage of nitrogen determined (Baker) shows no sign of this, 
as the nitrogen is a little lower than in the original coal. The 
volatile matter in the residue, however, is not given. 

In an experiment upon a Durham coal (Londonderry), 
made in my laboratory, the foUovring results were obtained. 
■Hi^coal lost 18 per cent, of its weight to the pyridine:— • 
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Original, ash 

Residue 

Pyridine 


and moisture 

from 

4 extract, 


tree. 

pyridine. 

iS per cent. 

Carbon 

82.87 

7 <)-T 5 

81.04 

Hydrogen . 

. 5-57 

471 

7.18 - 

Oxygen 

8.72 

14.00 

74>8 * 

Nitrogen 

1.68 

2.14 

J.80 

not deter. 

Sulphur 

1.16 

not deter. 

Fixed carbon 

O3.00 

(>4.46 


Volatile 

;;7.oo 

.i. 5-.54 



In this determination tlie increase in nitrogen over the amouni 
present in the original coal in botli Residue and extract points 
to the presence of compounds of pyrichne in both ; wliilst the 
increase in hydrogen in the extract, taken in conjunction with 
the decrease of hydrogen in the residue, points to its having 
been a resin body that was dissolved. 

These considerations seem to make it clear that the resin 
constituents condition the coking of coal during destructive 
distillation, and that they are of at least two kinds—thf, one 
easily oxidisable, soluble in pyridine, and saponifiable by alkalies, 
and which on wethering is oxidised into a humus body with 
evolution of water and carbon dioxide, and is responsible for 
the heating of coal; the other class non-oxidisable, not saponified 
by alkalies, and forming with pyridine a compound insolut^e 
in excess of the solvent. This class may be the compounds 
from decomposed resins, as the residue in which they are present 
yields rich hquid hydrocarbons as tar and pitch, but no gai. 

My own opinion is that, although pyridine is a better solvent 
for coal than any other of which we know, it will never prove 
more than a useful first step in the separation and identification 
of the complex mixtures present in the coal. ' Even then 
pyridine has an awkward knack of attaching itself to other 
molecules, which make it difficult to get rid of without using 
such drastic methods as are quite likely to alter the nature 
of the bodies dissolved in it. Several observers are at work 
upon the problem, and it is to bo hoped that satisfactory results 
will soon throw light upon this complicated subject. 

Coal always contains a certain proportion of water, which 
appears to be partly mechanically held and partly in some 
form of combination. In this it resembles wood, which, after 
long air-drying, still retains an average of 20 per cent, of moisture, 
which, if got rid of at an elevated temperature, is reabsorbed 
from the air. The mechanically held portion is generally 
known as “ pit-water,” and represents ordinary wetting, which 
can be got rid of by air-drying; but the so-called “ hygroscopic 

* Oxygen plus stilphur. 





THE FORiSaTION AND COMPOSITION OF COAL 25 

water ” is drivon out only by drying at 105° C. (221° F.). Ab 
this heating for some hours causes oxidation of the resin bodies, 
it also tends to destroy the coking jiropcrties of the sample— 
result which has led some observers to conclude that hygro¬ 
scopic water is essential to coking, which is manifestly incorrect, 
as tke tertiary coals, which contain the largest quantity of 
hygroscopic moisture, will not coke, owing to the proportion 
of humus derivatives being largely in excess of the resin bodies. 
The ash of coal represents mineral constituents present in 
the sqp of the original plant or derived from the surrounding 
Strata during the iormation of the coal; whilst nitrogen, from 
the proteid bodies in th^i vegetation, is always present to the 
extent of i to 3 jkt cent,, atid is probably mostly borne by the 
humns bodies in the coal, which also are the most likely to be 
the carriers of the organic, sulphur ])rcsent. The bulk of the 
sulphur, howe\'er, is in the form ol pyrites jiroduccd by sul¬ 
phides from the reduction of mineral sidphates reacting upon 
iron salts infiltrating in solution into the coal measures. 

Many classifications of coal have been suggested and will 
be discussed fully in the ne,\t chapter. Some of these are 
based on their chemical, some on their physical, and others on 
their coking properties. Of the latter, the most generally 
adopted is that suggested by (Iruner, in which ho tabulates 
bituminous coals into five classes. Although Schondorff, 
Muck and others have shown that it is not applicable to all 
kinds of coal, this criticism also applies to all the classifications 
thatjiave been pro])osed. 

This arrangement shows not only the coking properties, 
but also the changes in composition which the coal undergoes. 


Carbon. Hydrogen. 0\ygen. 


1, Dry coal 

2, Fat gas coal. 


Long flame and 
non-coking , 
Coke porous and 
brittle , 

Good coke, but 


,3, Semi-fat or 
furnace coal 

4, Coking coal , 

5, Lean coals and Non-coking 

anthracite 


porous 
Best coke 


75-80 4,3-5,5 13,0-18,5 j 
80-85 5-0-5-8 10,0-13,2 j 
84-89 5 - 0 - 5-5 5 - 5 -io-o| 

89- 91 4,5-5,5 4,5-5.5 j 

90- 93 3,o-4,3 3,o-4,5 I 


the concentration of carbon, and reduction in highly oxidised 
bodies. In the first class are the dry coals, yielding large 
volumes of gas and liquid product? on distillation,^, Tlsese— 
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as might be expected—most resemble the lignites, and share 
with them the property of non-coking or binding together of 
the residue on carbonisation. Tliis is due to the fact that 
the humus bodies are still present in much larger quantities 
than the resinic compounds and hydrocarbons; and as on 
distillation they leave no binding material in the residue, the 
resinic bodies cannot supply enough to give more than a friable 
mass. 

In the second cla.ss of coals altered conditions of temperature, 
pressure and time have led to further decompositions of the 
humus bodies ; and the resinic constituents and hydrocarbon^ 
having increased in ratio by concentfation, a point is reached 
at which coking takes place, although not of a really satisfactory 
character. 

In the third class tlie action has (xmtinued with further 
concentration of the resin bodies, hydrocarbons and residuum, 
with the result that the former bodies are so increased in com¬ 
parison to the humus and residuum that a good coke results, 
although it is rather too porous and bulky. 

In the fourth class the proportion of resin and hydrocarbon 
bodies has reached the right ratio as compared with the humus 
and residuum, and the best coking coal is olitained. Bitu¬ 
minous coals of the kind classified by (iruncr may therefore 
be looked upon as an agglomerate of humus and the degradation 
products of these bodies down to carbon, luted and protect«d 
by resin bodies and their derivatives ; steam coal and anthracite 
as the degradation products of humus which has nearly,com- 
pleted its decomposition owing to the small quantity of resin 
bodies in the original vegetation; cannel coal as consisting 
mainly of resin bodies, which, having been in a semi-fluid con¬ 
dition, have mingled with the surrounding earthy matter, so 
occasioning the high ash found in many kinds. 

In this theory as to the composition of coal it must be 
distinctly understood that by the terms “ humus ” or “ resin 
bodies ” any one definite compound is not implied, but merely 
bodies of this character—^the humus bodies all containing a 
percentage of hydrogen from 5 per cent, downwards, whilst 
the resin bodies all contain above 5 per cent, of hydrogen. 
If it is once admitted that coal is a conglomerate of the finfl 
indicated, it explains all those obscure points which no other 
theory touches—such as why with two coals of almost identical 
composition and of high oxygen content, one should be a coking 
and the other a non-coking coal; the reason being that in the 
one the high oxygen content is due to humuS bodies, whiefi will 
not coke, owing to the low pitch-forming nature of the hydro¬ 
carbons, whilst with the other the oxygen is due to resin bodijs, 
which are essential to good coking. . 
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In 1898 Anderson and Roberts made a long research upo» 
the chemiccd properties of Scotch coals, and came to the con¬ 
clusion that a considerable part of the organic matter in coal 
consists of a complex compound comparatively rich in nitrogen 
add also containing sulphur, and that there is also present 
resincyis material, whilst the remaining constituents are com¬ 
posed of degradation products of the original carbohydrates 
of the coal plants—a theory which in- its essentials agrees very 
well with the author’s views on the subject. 

In 1911 Burgess and Wheeler published the results of a 
series Sf experiments upon the distillation of coals at various, 
temperatures, wliich led Jhein to conclude that coal contains 
two types of compounds of different degrees of ease of decom¬ 
position. Tlie more unstable decomposes below 750° C. 
{1382° F.), and yields on distillation the paraffin hydrocarbons 
and no hydrogen : the other decomposes only at or above 
750° C. and yields hydrogen only, or possibly hydrogen and 
oxides of carlxin. Tlie latter they suppose to be a degrada¬ 
tion product of cellulose ; the former to be derived from the 
resins and gums from the coal plants. The authors consider 
that the difference between one coal and another is deter¬ 
mined by the pro))ortion in which these two types exist in the 
coal. 

In Mills and Rowan’s “ Treatise on Fuel,” which forms 
the first volume of Groves and Thorjj’s ‘‘ Chemical Technology,” 
page 37, will be found the following remarks with regard to the 
micr(jj>copical character of coal:— 

“ A transparent microscopic section of coal is seen to be 
composed of three very obviously distinct materials, differing 
in appearance and properties. These materials are— 

1. An opaque black substance. 

2. A* yellow or reddish substance. 

3. An earthy matter sometimes more or less coloured. 
The relative proportions in which these substances are 
associated evidently influence the various products derived 
from them. This is very obvious when the microscopic appear¬ 
ance is contrasted with the chemical constitution, and more 
especially with the gaseous and liquid products of their dis¬ 
tillation, and which would appear to be peculiarly dependent 
upon the yellow or reddish coloured substances. 

“ The black substance corresponds microscopically in ap¬ 
pearance, and in reaction, vrith carbon as it is known to exist 
in the granular or amorphous state in various mineial sub- 
stani^s in nature. • It is insoluble in sulphuric and hydrochloric 
adds, and in dilute nitric acid, in caustic ammonia and potash, 
and chlorine is without any action on the colour. 

* “ The third body named, the earthy matter, is mote or 
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less soluble in water, to which it sometimes communicates a 
colour, and consists cliiefly of the substance known as umber. 

“ The nature of the second substance is not so easily as¬ 
certained. Its colour varies from a light yellow to a bright 
red or amber-coloured resinous-looking matter. It is volatihsM 
by heat and insoluble in oil of tar, naphtha, hydrochlori'^ acid, 
and nitric acid. When free bitumen is present it colours the 
naphtha. 

‘‘ It may be generally stated that the black matter forms 
the chief and almost exclusive constituent of household and 
anthracite coals, whilst the yellow matter, on the contrary, 
enters most abundantly into the stqicturc of gas coal. It is 
also worthy of observation that ttie external blackness of the 
coal is no criterion of the presence or absence of the yellow 
matter, as shown by the investigation of the nature and pro¬ 
perties of the Pclton, Nova Scotia, Boghead, Wigan, and similar 
gas coals.” 

It is clear that (putting detail on one side until our know¬ 
ledge has been broadened by experience) the answer to the 
question as to what is the composition of coal—whether it 
be derived from a consideration of the actions taking jdace 
during its formation and of the substances from which it was 
derived, or is obtained from analytical data, as was done by 
Anderson and Roberts, or from the products of distillation, 
as has been done by Burgess and Wheeler—must be,that coal 
is a conglomerate of humus and its degradation products with 
the resinic bodies and their derivatives. 
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THE CLASSIFICATION AND DISTRIBUTION OF COAL 

liitumiRous coal -Brown coals and lignites—Classification of coals by 
• chemical composition—Proposed classihcations of Fleck, Hilt and 
Parr—(Jruner—Seylcr’s •tabulalion—Diagrammatic representation 
of the formation of coal—Ratio of the constituents of coal—Composi¬ 
tion of peat and lignites—Calorific value of coal and coal constituents 
—Practical a]>plicution to theory—Calorific value of humus—Work 
of Brame and Cowan and Constam and Kolbc on the calorific value 
of coals—The Englisli coal-ficlds and their characteristics—Coal: 
Total cjuantity and production—Percentage of coal utilised for 
various purposes—Possible economics in coal consumption. 

CoAl^ are classified, according to the geological age of their 
formation, as carboniferous or tertiary. 

The carboniferous coals consist of the true coals, which 
range from anthracite to cannel, and include all the classes 
of so-called bituminous coals that are used for gas manufacture 
a^id coke-making. 

The term “ bituminous ” is a misnomer, and probably 
arose from the coals softening with heat in the same way that 
bitumen does; but a consideration of the action of solvents 
upon them shows that those liquids which dissolve a true 
bitumen most readily have little or no effect on any of the 
coals, and it is clear that “ resinoid ” would be a more correct 
expression. • 

The differences wliich exist between the coals in this class 
arc due to the proportion of the resin constituents present in 
the original vegetable deposits, wliich has largely conditioned 
the degree of degradation undergone by the humus bodies 
present, under the influence of time, temperature and pressure. 

The brown coals and lignites, so abundant in certain parts 
•f the world, are shown, by the strata in which they occur, 
to belong to the tertiary and sometimes even later geological 
periods. They have always been of great interest to the 
theorist, as forming a link between vegetation in the early 
stages of decay and true coal, being intermediate in compo-sition 
bet^♦een peat and those coals which contain the highest pro¬ 
portion of humus, such as some of the South Staffordshire 
coals. The Ugnites stand apart from true coals by the large 
alnount of hygroscopic w,ater theu hold, and wmch cannot 
be got rid of by air-drying ; and this, together witb the large 
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amount of oxygen they contain, makes this class of very poor 
fuel value as compared with coals of the carboniferous period. 
These tertiary coals are perhaps the most widely distributed, 
being found all over the world, but in England they are com¬ 
paratively rare, the chief deposit in this country being at .Bovey 
on Dartmoor. 

In making any comparison as to composition between 
coals it is necessary to eliminate the factors of moisture, nitrogen, 
ash and sidphur, which, although they are amongst the most 
important items in the commercial value of the coal, yel: masjc 
by their variation the ratio existing between the carbon, hydrogen 
and oxygen in the coal material,‘upon which its classification 
most largely depends. 

The analysis of carefully sampled coal when used in bulk 
for any manufacturing process is a necessity for proper control in 
working, but these analyses are often taken as representing 
the typical coal from some special colliery or district. As the 
coals in every seam, and even from different parts of the same 
seam, differ often to a considerable extent, unless the «eam 
is specified the analysis will be of little use save for the purpose 
for which it was made. 

If coal from every seam in all the collieries could be systemati¬ 
cally sampled and analysed, it would be a simply invaluable 
work, and would throw an infinite amount of light upon the 
subject of the formation and composition of coal: but the 
analyses generally quoted tell one little else th.an that sj;ch a 
coal exists in the district. 

In most of the coal-fields the seams represent different 
deposits of vegetation grown at periods which, from the strata 
separating them, may have been in some cases thousands of 
yearn apart. As the character of the atmosphere was rapidly 
changing so also would the character of the vegetation; and 
when one considers that one scam may be only a few hundred 
feet below the surface, and another throe or four thousand, it 
is clear that the factors of temperature and pressure, as W'ell 
as composition and time, must have varied to an enormous 
extent. It is small wonder therefore that the same colliery 
may possess a seam of gas coal and one of steam coal. In thb 
same way, when a deposit has been of great area and different 
parts of it exposed to great variations in pressure and temperature 
during formation, it would be natural to expect differences 
in composition; and we see in the South Wales coal-field what 
must have been deposits of the same period changing frbm a 
bituminous coal in the east of the field to steam coal near the 
centre, and anthracite in the west. 

14 is perfectly clear thart to collect the analyses of coal from 
.one field,* and to average them and take the mean result as 
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giving the characteristics of the particular district, must give 
an utterly wrong impression, unless seams of the same nature 
only are taken. 

• The use to whicli a coal is put often influences the way 
in wWch it is classified in our minds. If a North Countiy 
coal he spoken of to a gas manager, he at once thinks of the 
gas-making coals of his favourite Durham seams, wlfilst to 
the captain of a tramp steamer. North Country coal suggests 
the northern steam coals. 

ThSse considerations have made any geographical classi¬ 
fication of coal difficult and misleading, as although certain 
kinds of coal form very Sft(gi the chief bulk of coal exported 
from a given district, yet they by no means represent ^1 the 
coals raised in that area. 

When we come to classify coals on the basis of their chemical 
composition we are met by the trouble of differences in results 
owing to variations in the methods of analysis employed, and 
in the fact that the ash, moisture and other traces present often 
masl^the true proportion of the carbon, hydrogen and oxygen 
that form the true coal substance. The latter trouble can 
be got over by calculating the results of an ultimate analysis 
to a basis of carbon, hydrogen and oxygen only, whilst the 
former limits the number of usable analyses to those made by 
rcjjiable analysts. 

Certain coals on being analysed difh'r so widely in the pro¬ 
portions of their constituent elements that there can be no 
difficfflty in distinguishing between an anthracite and a cannel, 
a lignite and a steam coal, but when one comes to differentiate 
between the representatives of the great class of so-called 
bituminous coals, it is at once found that difficulties arise, as 
one kind of* coal merges by almost imperceptible alterations 
in composition into another coal, the characteristics of which 
stamp it as belonging to a different class. There arc no hard 
and fast lines of demarcation between the various classes, no 
matter what the basis of the classification may be. 

. The earfier attempts at classification were mostly on the 
lines of the coking power and conditions of burning, the French 
affrangement of five classes being probably the best— 

1. Poor coal, with long flame, non-coking. 

2. Gas coal, long flame, poor coke. 

3. Rich coal, shorter flame, fair coke. 

4. Coking coal, short flame, best coke. 

5.0 Anthracites and steam coal, little or no flame, non-coking. 

When Regnault, in 1837, introduced the idea of using the 
ultimate analysis of the coal substance as a basis for classifica- 
tidh, he reahsed that the proportion of oxygen present in a 
coal had an important bearii^ upon its properties and behaviour, 
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whilst in 1873 Gruner attempted to imjwovc upon tlic earlier 
classifications by defining the limits of the carbon, hydrogen 
and oxygen in the above arrangement, together with the 
yield of coke. This classification has been mentioned already 
in the first chapter, but is so important that it is reproduced 
here in its entirety (sec Table on page 33), * 

This table was strongly criticised by Schondorff. and later 
by Muck, who showed that with certain classes of coals it failed 
to bring out characteristic differences in property, wliilst two 
very dissimilar coals might be classified together. • Later, 
Fleck proposed a cla-ssification based iijKm tlie idea that all tlK' 
oxygen in the coal was in coiiibimitidli with hydrogen, and that 
the proportion of the latter so combined was lost as a heat- 
•and gas-5dclding factor, whilst the excess of hydrogen over 
and above that needed by the oxygen was available hydrogen, 
and that the character of the coal was governed by the relation 
between the amounts of combined and available hydrogen. 
This classification also received severe criticism. It is based 
upon a fallacy that has given more trouble in the calorific valua¬ 
tion of coals than any other, and that is in supposing th*at all 
the oxygen in the coal is in direct combination with hyclrogen. 

Other attempts have been made to classify coals according 
to the volatile matter and fixed carbon yielded by a proximate 
analysis, this doing away with the more laborious ultimate 
analysis, .such classifications being those introduced by Hflt, 
and more recently in America by Frazer. 

Parr also has proposed to classify coals by the ratio f)f the 
volatile carbon to the total carbon, whilst Campbell proposes 
to use the ratio of the carbon to the hydrogen for the same 
purpose. 

The latest classification is that of C. A. Seylcf, who brings 
liis great knowledge of the Welsh coals to bear upon the subject, 
and in the first instance utilises the percentage of carbon for 
coals containing less than 84 per cent, of carbon, whilst when 
the carbon exceeds 84 per cent, he finds that it is the percentage 
of hydrogen that conditions the character of the coal. 

The coals below 84 per cent, of carbon are the lignites and 
brown coals, which he classes in three groups, and arranges 
the other coals in five main groups— 


Anthracite genus 
Carbonaceous genus . 
Semi-bituminous genus 
Bitmninous genus 
Per-bituminous genus . 


per cent. 

up to 4, up t(i 10 

4 to 4.5 10 to 15 

4.5 to 5 16 to 24 

5 to 5.8 over 2^ 
5.8 and over 
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No stress, however, is laid on the volatile matter as a factor 
in the classification. These groups arc then subdivided again 
into meta-, para-, and ortho-groups, and a very complete, 
although slightly complicated, tabulation of the coals is 
obtained. 

Jn all .such classifications, however, there is the wcek point 
that none of them take the carbon, hydrogen and oxygen as 
anything but constituents of the coal substance, missing the 
fact that there are two sets of bodies each containing carbon, 
hydrogen and oxygen, and that it is the ratio of these two bodies 
to each other, and not the ratio of the constituents to each 
other, that must govern the pro];erties and classification of 
the coal. 

In every co;d the carbonaceous residue from the com¬ 
pleted decomposition of humus bodies is present in large 
quantities, whilst the coking power is conditioned by the resin 
bodies, to the presence of which hydrogen is the best indicator. 
For these reasons a classification such as Seylcr’s must 
approximate more nearly to the truth than most of the others. 

I have shown that coal is an agglomerate of the carbon 
residuum of humus bodies with humus in various stages of 
degradation, resin bodies and hydrocarbons derived from thern. 
If we desired to represent its formation diagrammatically, it 
might be done somewhat as follows— 

VegeMion 

£xfrocfiy9 mafiir 


non-coking coktng 



Ce/lu/oses 

Carbon Humus 

Pestduum bodies 


The coking power of the coal will depend upon whether the 
resin bodies and hydrocarbons preponderate, in which case it 
cokes; or whether the humus bodies and residuum arfe in 
excess, in which case it is a non-coking coal. 

The composition of the coal constituent has been seen to 
approximate to— 

Residuum. Humus bodies. Resiq bodies. Hydrqcarbons. 

A B CD 


Carbon Carbon 

62 

79 

96.0 

Hydrogen . 

5 

II 

4 - 0 . 

Oxygen ‘ . 

33 

10 

0.0 
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With an equ^l mixture of these constituents there would be— 


( Carbon 
Hydrogen 
Oxygen 



84.6 ] A 
5.2 j-Nottingham 
10.2 J Coal, 


which would be Gnmer’s class 2—fat gas coal. 

If the humus is in excess the result would be a non-cokine 
coal, such as ° 


/Carbon 

A-|- 2 B-j-C 4 IJ — I Hydrogen# . 

(Oxygen 


• 79-8) t 70.7 \ A South 

I 51 [Staifordshire 

• 15.2J ( 15.2 J Coal. 


If the humus bodies are reduced, there is obtained 


I Carbon . 
2 A + B -f 2 (' 4- 2 D —• -j Hydrogen 
(Oxygen . 


^ 7 - 4 ) / 87.8 ] Derbyshire 

5 <^r —] 5-0 j- Coal, 
7*C; I 7.2 jMonk.swood, 


corresponding to Gniner’s gas and furnace coal 

In the true coking coals the percentage of humus has still 
further decreased, and there is obtained 


• / Carbon . 

3A+B-|-3C + jU =^1 Hydrogen 
^ 1 Oxygen . 

. 88 . 8 ) 

• 51 r = 

. b.il 

1 5.85 J 

South Wales 
Coking 

Coal. 

In the anthracites and steam coals the humus has practicallv 
disappeared, and steam coal can be represented by ^ ^ 

• j Carbon 

3A-t-2C+l).= l Hydrogen 
(Oxygen 

■ 94.3) 

• 43 ‘ 

■ 3.4J 

i 92.4 ' 

= 4.,3 

1 . 3-3 j 

1 Merthyr 
h Steam 

1 Coal; 

and anthracite as 




1 Carbon . 

5A+2C = j Hydrogen 
, (Oxygen . 


^ 3 - 4 ° 1 a 

2.33 j Anthracite, 


It would be, of course, absurd to do more than point out 
that taken in these proportions the coal constituents do cor¬ 
respond to the composition of well-known coals and also 
corr^ptnd to the physic^ and coking properties of coals as 
classified by Gruner, whilst between these simple ratios th» 
com^sition of one coal merges into another by such imper- 

between the cla^ 

that shall be true for every case. • 
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It is jwssiblc to obtain from these ratios aij idea of the 
probable percentages of the coal substances present in the 
various classes of Gruncr :— 



Carbon 

Humus 

Resin 

Hydro* 


kcMtliium. 

Bodies. 

Bodies. 

carbons. 

I. Flaming, A-|-2B-t-C4-D . 

20.0 

40.0 

20.0 

20.0 

II. Fat gas, A-f B-fC-FD . . 

25.0 

25.0 

2 .‘ 5-0 

25.0 

III. Furnace, 2A-I-B-I-2C-I-2D 

28.6 

14.2 

28.6 

28.fi 

IV. Coking, 3A-l-B-t-3C-|-3D . 

30.0 

lO.O 

30.0 

30.0 

V. Steam, 3A-i-2C-f D . 

50.0 


334 

16.6 

VI. Anthracite, ,')A-|-2C . 

714 


28.6 



This sJiows the gradual increase in the carbon residue and 
also the fact that resin bodies and hydrocarbons have to be 
present in the pro])ortion of at least 50 per cent, for coal to have 
the property of coking. 

The great class of coals of the tertiary and later periods 
vary amongst themselves even more in coinjxjsition than the 
bituminous class. Although but little attention has been 
paid to them in this country, owing to the fact that there are 
only very small and unimportant deposits of them, the chief 
one being the Devon deposit at Bovey, on the Continent 
they attain considerable importance, the lignite and, brown 
coal deposits being of enormous extent and playing an im¬ 
portant part in the fuel assets of the various countries, whilst, 
as we go south into tropical countries, the true coals become 
still rarer, and most of the carbonaceous deposits are lignitic 
in their character. .Some of these todies are nearly akin to 
peat, some little more than fossilised wood, whilst others again 
arc so near to coal that, as far as the ratios of carbon, hydrogen, 
and oxygen go, they might be mistaken for a bad sample from 
the Staffordshire ten-yard seam. 



Carbon. 

Hydrogen. 

Oxygen. 

Abbeville peat . 

60.89 

6.21 

32-99 

Austrian lignite . 

61.01 

6.06 

32.93 

Italian lignite 

. 79.01 

576 

15-23 

Staffordshire coal (bad) 

• 7970 

5-37 

14-93 


Between these limits many possible ratioc of the elemtnts are 
to be found. 

There is one characteristic, however, by which all members 
of» thi| class may be distinguished; tha,t is, that they aS-e so 
little removed from the wood from which they were formed 
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that they still retain the hygroscopic property that is to be 
found with ‘all wood. Lignites may contain anything up to 
40 per cent, of water, which on air-dr^dng may be reduced 
to 15 to 20 per cent., but can be brought below this only by 
drying for a long time at 105° C. (221° F.) ; and when the dried 
matenal is again exposed to moist air, it reabsorbs the moisture 
so driven out ; tliis, of course, seriously reducing its value as 
a fuel. 

In the lignites the humus bodies have undergone the 
minimum of degradation, and the ratio of carbon residue to 
Ifumus is the smallest found in any coal. If we take the coal 
substance of the English lij*nite, it corresponds to 5 B 4 -A+C= 

Carbon . . . (uj.c) b().53 1 

Hydrogen . . 5.1 5.91 ■ Bovey lignite. 

O.xygen . . . 25.0 ^ 4 . 3 b ) 

It is clear that the composition of a coal must have an 
enormous influence on its calorific value. Even as early as 
1844‘Professor W. R. Johnson analysed all the kinds of coal 
then used by the American Navy and determined their 
evaporating power. Since then the importance of calorific 
value has been thorouglily recognised, and in the middle of the 
last century the work of Favre and Silbermann, of Morin and 
Tfcsca, of Scheurer-Kestner and of Mcunier-Dolffus, all helped 
to put the testing of coal for heating value on a sound 
basis.* 

The heat generated by the combustion of the more com¬ 
monly occurring combustible elements and compounds when 
burnt in oxygen was determined by Favre and Silbermann, 
Dulong and •Petit, Thomson and others. Their figures have 
been taken as a basis from which the calorific value of a coal 
is often calculated from its ultimate analysis, but as this intro¬ 
duces several serious errors, and as a direct determination 
by experiment in any of the bomb calorimeters is easier and 
quicker to make than a good ultimate analysis, the more 
accurate determination is rapidly taking the place of calculated 
r^ults. 

Of late years an enormous amount of work has been done 
on the calorific value of coals, by Bunte, St Claire Deville, 
Malder, and, quite recently, by Constam and Kolbe. These 
later observers, after a long investigation of the heat values 
of th# more important types of Continental coals, came to the 
conclusion that coals which contain about 18 to 32 per cent, 
of volatile matter have, together with the anthracites, the 
highest heat value. On extending their researches to some 
English coals, however, thfey found* exceptions to tliis fule, 
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‘and consider that the exceptions are due to the fact that the 
chemical composition and the heat of combustion of the volatile 
constituents are not always functions of their amount. 

Now, it is clear that if coal consists of an agglomerate of 
several bodies of different calorific value, the proportion of 
these bodies present, and not the amount of fixed caroon or 
volatile matter, will determine the heat value of the coal. 

If we take the calorific value of the coal constituents we 
obtain— 

Calories ]>er J51I0 


A. Carbon residuum . . ■ -8137 

B. Humus bodies . . • • 

C. Resin bodies . . ' . • • 

D. Hydrocarbons . . . • ■ 8836 


On calculating from the,se factors tlic calorific value of 
the various classes of coal, we have— 


Lignite, Bovey, A+5B [-C . 

A Staffordshire coal, A-faB+CfD 
A Nottingham coal, A+B+C+l) . 
A Derbyshire coal, 2A-I-B+2C+2D 
Coking coal, 3A+B^-3C+3D 
Steam coal, 3A+2C+r) 

I Anthracite, 5A-I-2C 


; Calories li.'Ri.U. 
i per kilo. per lb. 

. ' 7,098.3 12,738.9 

. 7,813.9 14,065 

. 8,146 14,662 • 

. 8,383.4 15,090 

. 8,478.3 i 5„26 i 

• 8,583.3 i 5 , 489,8 

. 8,419 15,154-2 


These figures agree with what we know of the calonfic 
values of such coals, and show clearly that it is the low heat 
value of the humus bodies which lowers the thermal v^ue 
of the lignites and coals most nearly akin to them. The 
maximum heating value is attained only when the humus is 
entirely eliminated, as is the case with steam coal and 

anthracite. , t., 

As we have seen, an analysis of a true cannel, like the old 
Scotch boghead cannel or Torbanc Hill mineral, suggests that 
it consists of resin bodies only; and this is borne out hy its 
calorific value, after deduction of the ash present, this being 
9134 calories or 16,441.2 B.Th.U. „ n 

‘ The calorific values calculated as above will be a little low 
for the lignite and first four classes of bituminous coals, as the 
calorific value of the humus is taken, and aniongst the eoal 
bodies there will be, undoubtedly,' products of its degradation 
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intermediate between the humus and the carbon residuum, * 
and therefore’ having a calorific value higher than that of the 

• humus. 

* Another very important point brought out by this con¬ 
sideration of the way in which the calorific value of coal is 
built from the calorific values of its constituents is that it 
brings out in a striking way the cause of the discrepancies 
always found between the heating value of a coal of high 
oxygen content as calculated and as determined by the bomb 
calorimtter. 

• A sample of artifically prepared humus was analysed, and 
its calorific value calculated»by the formula— 

Q=ioo (®^^7 C+34.500 (H— 

which gave a calorific value of 5392 calories. Its calorific value 
was then determined in the Mahler bomb, which gave 6485 
calories, or an increase of 16.8 per cent, in its thermal 
value.* 

It is well known that if a coal be carefully analysed, and 
its thermal value is then determined in a bomb calorimeter 
and compared with the thermal value as calculated from the 
most generally accepted formula from the analysis, the results 
will be in very fair accord as long as one deals with an anthra¬ 
cite or steam coal low in oxygen content, but that directly 
there i« any large amount of oxygen, and therefore high volatile 
matter in the coal, the value as determined rises rapidly above 
the calculated value. 

In the calculation it is presumed that all the hydrogen goes 
in combinatiqp with oxygen to form water, so that its heating 
value is lost to the coal, whilst we know that if coal be decom¬ 
posed we obtain large volumes of free hydrogen, and that unless 
the temperature of decomposition is very low but little water 
is formed, and the tar contains most of the oxygen as 
oxygenated hydrocarbons. That is to say, the complex character 
of the oxygen compounds in the coal and the way in which 
they break up render the calculation of thermal value too low. 
It*is evident that it is the humus bodies in the coal substance 
which give rise to this trouble. 

All classes of bituminous coals and lignites will be affected 
by it, and the higher the percentage of oxygen the greater will 
be th^ difference, so that if the calculation of the thermal value 
of the humus be 16.8 per cent, too low, then the various classes 
of coal would be affected to the following extent— 
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(GRUNhU). 




OxvRcn. 

Calculation too low. 

Class 1 . 

Flaming coals . 

■ 1 I. 8 -I 8-5 

6.7 per cent. 

„ 11. 

F'at gas coals . 

10-13.2 

4.0 „ : 

„ III. 

Furnace coals . 

• . 5 -, 5 -io 

2.4 

„ IV. 

Coking coals . 
Steam coals i 

■ 4 -. 5 - 5-5 

1.6 

,, V. 

Anthracite i 

• 3 - 0 - 4-3 

agrees 


Brame and Cowan made careiul analyses of five samples of 
dried coal in duplicate, tlic mean of two analyses of each being 
taken. Three determinations of the calorific value of each coal 
in the MaliJer bomb were then made, and these being in close 
agreement, the mean of the three tests was taken in each case. 


Analysis of Coals (Dry) and Calorific Valuk 


i 1 

1 1 

Coal. 

Carbon. ' Sulphur. 

Ash. 

0 \yRcn ! 

and 1 
Nitrogen, i 

Calonfi 

Calcu¬ 

lated. 

c Values. 

j Deter- 
1 mined. 

Calcuhitcd 
value : 

too low. 

A 

'o' 

Qo.oq , , 0.77 ! 

1.68 

3.61 

8567 

00 

Cb 

0 

0.7 

B 

81.02 3 . 2 L 0.64 

9-50 

5.61 

7527 

7713 , 

,.2-4 

C 

87.79 i 4.09 1 0.59 

3-14 

4-39 

8425 

8617 1 

2.2 ! 

D 

84.07 ; 4.51 . 0.G9 

5-69 

5-04 

8241 

8394-5' 

1.8 1 

E 

78.29 4.76 ; 1.48 

4.90 

10.57 

7638 

8026.5 i 

4.8 


If the true coal substance be calculated as free from ash 
these figures are in very fair agreement with the calculated 
corrections as given in the previous table. 

The formula used for the above calculations of calorific 
value was— 

Q=iQy( 8 i 4 o C+34,500 H “ ^)+222o S). j 

These re.sults confirm the conclusion that, as regards the heating 
value of coal, direct determination in the Mahler bomb is the 
only method that can be relied upon to give accurate results. 

In 1908 Constam and Kolbe made a Jong investigation on 
the relation existing between the volatile matter in Continental 
coals and their calorific value, in which they came to the con- 
clt^sion that coals containing from^ 18 to 22 per cent, of volatile 
matter‘and anthracite had the highest calorific value, but it 
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was found that samples of English coals did not conform to this 
law. To explain the difference eight typical samples of English 
coals wore experimented with, and as a check a sample of Kinneil 
coal, which had been used on a large scale at the Zurich gasworks, 
was also taken. 

"Aie results, whicli as regards composition, etc., of the coal 
arc given in Chajrter VI. in a tabulated form, show that 
although the volatile matter, obtained by deducting the coke 
yield from the ash and moisture-free coal substance, was prac¬ 
tically equal in the Lancashire Trencherbone, Nottingham best 
•hard, and Kinneil coals, yet the calorific values varied by over 
500 B.Th.U., whilst witlJthc Hutton seam and Barnsley coals, 
although the volatile matter was nearly the same, the thermal 
values differed by about 900 B.Th.U. The conclusion was 
arrived at that these differences were due to the different com¬ 
position and heating value of the volatile constituents from 
these coals. 

I have already jiointed out that the factor wliich governs 
the calorific value of a coal is the percentage of humus body 
present in it, as this, having a far lower heating value than any 
of the other constituents, drags down the calorific value. 

The compositions of the humus and resin bodies are perfectly 
distinctive— 

Humus. Kesinic. 

• Carbon ... 63 79 

Hydrogen • • 5 10 

• Oxygen ... 32 II 

And the whole of the oxygen present in the coal is due to these 
two classes of compounds. In the resin bodies there is a differ¬ 
ence of orrfy I per cent, between the oxygen and hydrogen 
present, so that for all practical purposes they may be taken 
as being equal, whilst in the humus bodies there is 32 per cent, 
of oxygen to 5 of hydrogen. 

Hydrogen is also present in the hydrocarbons of the coal, 
but these latter arc derived from the resin bodies and have a 
calorific value but little below them, so that the excess of oxygen 
^n a coal over the hydrogen, by giving an indication of the 
amount of humus, should give the order in which coals stand 
to each other in regard to their calorific values. 

No better set of figures could be chosen to tost the truth of 
this theory than the figures given in Constam and Kolbe’s 
res(#irch on t5q)icjil English coals, because, when viewed from 
the ordinary standpoint, the figures are a mass of anomalies, 
but we know that Professor Constam’s work is absolutely 
reliable, and that no figure trimming has taken place to make 
them fit any preconceived theory. * 



42 


THE CARBONISATION OF COAL 


* Taking the coals in the order in which Constam and Kolbe 
give them, we obtain the following results for the oxygen minus 


hydrogen:— 


1 . Nottingham, bright coal 
II. Lancashire, Trencherlxjiic 
HI. Nottingham, best hard 
JV. Kmncil 

V. Durham, Low Mam . 

VI. Durham, Hutton 

VII. Yorkshire, Barnsley . 

VIII. Durham, Ballarat 

IX. Welsh, Nixon’s Navigation 


Oxygen. 

Hytirogen. 

Resultant. 

Order m 
Calorific 

i 

Value. 

10.20 

- 5 30 =■- 

i 

•bbO ; 

IX. 

7^5 

5 -,f« - 

i.by , 

V. 

y.24 

- 4«7 - 

4.27 

;/iu. 

8.23' 

^55 - 

2 68 , 

VI. 

5 bb 

- 5 - 1 « - 

0 18 

IV. 

* 

.Ydb - 

- 1.76 

11 . 


~ 4. Sr = 

3.10 

1 VII. 

4 22 

4<).5 - 

0 73 

1 III. 

2 5 « 

•1 7 ^ = 

- 2.14 

J. 


Coals in Order or Oxyoen-Hydrooen. 


Calorific Values, HTh.C. 
{determined). 



Gross. 

Net. 1 

1 . Nixon’s Navigation 

15.730 

15.271 ■ 

II. Durham, Hutton 

15,76b 

15.2.15 

HI. Durham, Ballarat 

15.590 

15,109 

IV. Durham, Low Main 

15,392 

14.859 

V. Lancashire, Trencherbone . 

15.124 

14,602 

! VI. Kinneil .... 

15.032 

14.494 

VII. Nottingham, best hard 

14.555 

, 14,072 

i VIII. Nottingham, bright 

14.522 

13.912 

1 _ 

This method of fixing the calorific position of 

an anthracite 
1 _ 


or a steam coal would not answer in all cases, as the humus 
has all been eliminated from them and only the residuum is 
left to represent it, but the above table shows that it will puj; 
the bituminous coals into their true calorific order. 

It also makes clear the anomalies which at the outset of 
their research troubled Constam and Kolbe, i.e. why coals 
containing the same proportion of volatile matter should differ 
so widely in calorific value. The reason is that both hi^us 
and resin bodies go to make up the volatile matter, and the 

■ The nitrogen in the Kinneil coal was not determined, but I have an 
analysis with i.oi as the amount present, so have deducted it from me 
oxygen. <■ 
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proportion in which they are present governs the calorific value ,* 
not the total amount of volatile matter. 

The Trencherbone, Nottingham hard, and Kinneil coals all 
had nearly the same percentage of volatile matter, but in the 
Trencherbone and Kinneil it was largely resin bodies, whilst 
in tlft Nottingham coal it was mostly humus, so that the 
latter had a calorific value 500 B.Th.U. less than the former 
coals. In the same way, the Durham Hutton seam and the 
Yorkshire Barnsley are fairly close in volatile matter, but the 
formes is rich in resinoid bodies, the latter in humus bodies, 
hence the difference of goo B.Th.U. 

The English coal-fieldsi are usually divided into seven areas 
or basins, the coal in wHch‘probably has a total area of not 
less than 2700 square miles, whilst the country over which they 
are .spread is, of course, enormously greater. 

. I. The Newcastle field, on the eastern side of Durham and 
Northumberland. 

2. The Cumberland field, in the north-west of the county. 

3. The Lancashire, Chesliire, and Idintshire field. 

4’ The Yorkshire, Derbyshire, and Nottingham field. 

5. The Midland field. 

6. The South Wales field. 

7. The South of England field, which includes the Bristol, 

Somerset, Forest of Dean, and Kent areas. 

• The Newcastle field provides the largest amount of the coal 
used for gas-making wherever water carriage can be utilised. 
The ooals of this basin arc very variable—in some districts being 
hard, free-burning, and suitable for steam purposes, whilst 
others give some of the most useful gas coals (which could 
not be nearly so well adapted for steam raising), and excellent 
coking coal ».nd good domestic coal occur in the same district. 

In the Cumberland field, in the Whitehaven district, good 
steam and coking coal is obtained. 

Nearly every class of coal is represented in the Yorkshire 
district, the coal of South Yorkshire being best suited for coking 
purposes, whilst in some parts of the West Riding the coal falK 
into the non-coking classes. 

The Lancashire coal includes the celebrated Wigan seams, 
ftom which some of the richest gas coals in the country have 
been obtained. In the St Helens district a good deal of the 
coal is available lor steam and furnace purposes. The Burnley 
field also yields, in various seams, coals useful for household and 
manufacturing purposes and for steam raising. 

North Staffordshire yields some good gas and coking coals, 
but they are mostly more fitted for household and manufacturing 
purposes. In South Staffordshire, together with coals of tWs 
latter class, occurs the celebrated teif-yard seam, parts* of ^hich 
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approach to Class I. of Gniner’s classification, and are probably 
the nearest of the true coals akin to the lignites. 'Other parts 
of the seam, however, give a thoroughly good bituminous 
coal. 

The coals of the Iferbyshire district are mostly used for 
steam, house, and manufacturing purposes, 

In the Nottingham, Leicester, and Warwickshire districts 
the coals arc all of the bituminous types. Coming south to the 
Forest of Dean coal-field, some excellent seams of household, 
manufacturing, and steam coals are to be found, and tlifs area 
is supposed to represent some of the Welsh seams. ■ 

There is also included in the South of England coal-field the 
Somerset area, which consists of' bituminous coals, useful for 
coking, household, gas, and manufacturing purposes, and, with 
the exception that they contain rather more ash, arc not very 
far beliind the Durham gas coals. 

Another area at Bristol yields fair coking, household, and 
manufacturing coal. These measures are, supposed to run under 
the South of England, giving the Kent area, and under the 
Channel, to the Pas de Calais coal-fields, and probably also'some 
of the Belgian fields. 

The South Wales coal-field stands alone in interest, giving 
in the eastern portion the bituminous coals, as found in the 
Taff and Rhondda valleys. From there to the \'ale of Neath 
the true steam coals occur, beyond that the anthracites ; arid 
indeed in this area almost every class of coal, bituminous, semi- 
bituminous, coking, steam coals, and anthracite are represented. 

Coal occurs in large quantities in Scotland, and to a small 
extent in Ireland. 

In considering the distribution of coal, a point of the greatest 
interest is how our coal resources compare with those of other 
countries, and also the rate at which they are being consumed. 
It must be remembered that the commercial supremacy of 
England is dependent to a very great extent upon her coal 
supplies, which during the last century made this country the 
centre of manufacturing industries, and that, when once the 
coal supply fails, commerce is bound to follow the cheapest 
manufacturing market. ^ 

Not only has America the largest store of coal in the world, 
but it has the further advantage that the amount that has been 
mined is comparatively small. It is only of late years that the 
output of coal has been in proportion to the magnitude of her 
coal-fields, but in the last year of the past century she deprived 
England of her position as the world’s greatest producer, and 
now is easily first, raising at least a third more than is done in 
the United Kingdom. i 

Leaving America to look after her own vast interests, let us 
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see how the ratio between capital and expenditure compares fop 
the chief European Powers, taking them in order of coal 
production:— 

i’roduction per annum. Total coal. 

Tons. Millions of tons. 


Gseat Britain 
Germany . 
France 
Belgium 
Russia 


. 236,130,000 

140,000 

. 119,350,000 

150,000 

. 34,780,000 

17,000 

. 21,500,000 

10,000 

. 17,120,000 

20,000 


Such figures can be cuily the merest approximation, but if 
they are oi any value at all •they mean that we are the spend¬ 
thrift of Europe, and that our supremacy is at the cost of such 
capital expenditure that, unless we take the position seriously 
and do everything in our power to retrench by economising 
much of the fuel now wasted, before many generations have 
passed we must lose our priority amongst the European nations. 

At the present rate of use, our coal-fields would be exhausted 
in a'little over 600 years, which seems at first sight to be a fairly 
comfortable reflection, but it is clear that the use of coal will go 
on increasing until shortage and consequent rise in price checks 
the demand. Although the increase in the demand may not be 
in the proportion that has characterised the past ten years, yet 
tt would be absolute foUy to expect it to remain at the present 
figure, unless drastic steps are taken to prevent waste. More- 
oven* it is manifest that the cream of the coal supply has been 
utilised, and that a very large proportion of the existing supply 
is at greater depths and in thinner seams than that which has 
been used in the past, and must of necessity therefore entail 
much greater expense in winning. So that it is not the remain¬ 
ing amouiil of coal which governs the question of relative power, 
but the price at which that coal can be commercially used. 

Although it may be possible to prove by statistics that our 
coal supply will last for 600 years, it is quite within the 
range of possibility that, if the increased consumption continues, 
a period may come within a very few generations when the cost 
of coal has so risen as to enable foreign markets to obtain coal 
*at a cheaper rate than our own supply. Even at the present 
time, a few shillings’ increase in the price of coal would give a 
tendency in this direction. i 

The Royal Commission on Coal Supplies which reported ob 
thyesources of our coal-fields in 1905 went fully into the question 
of the amount of *coal remaining and its probable durationr-and 
estimated that the available quantity of coal in the proved coaS- 
ftelds of the United Kingdom is ro^hly 100,000 million tond, 
together with a probable *40,000 rmlhon tons in th^ unproved 
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^elds! The amount of coal now raised annually amounts to 
about 250 million tons, and for the last thirty years'the average 
increase has been at the rate of 2^ per cent, per annum, whilst 
the amount exported has increased at the rate of 4J per cent, 
per annum. They, however, consider that it is extremely im¬ 
probable that this increase will continue. They are of opinion 
that the rate of increase will slow down, and wiU be followed by 
a period of stationary output and then a gradual decrease; 
but they admit that the outlook is serious, and go fully into 
the possible economies wliich could be arrived at in the working 
and consumption of coal. 

The coal raised is utihsed for various purposes, which may 
be represented in percentages as follows :— 

J‘cT cent. 

Factories ........ 22.97 

Domestic.13.87 

Iron and steel manufacture.12.17 

Mines.7.80 

Gasworks.6.50 

Railways.'5.53 

Potteries, brick-works, glass-works, and chemical-works 2.16 

Metal and minerals.43 

Coasting steamers ....... .87 

Steamers over seas.7.25 

Exported.20.35 

Bearing in mind the distribution so shown of the consumption 
of fuel, it will be well to now glance at the directions in which 
economy is possible, and the extent to which such economies 
would reduce the total consumption. 

England suffers to a great extent from the stolid adherence 
to old ideas and methods which have served her well in the past, 
and which she hesitates to throw aside ; and many commercial 
fums still cling to the procedure of their founders until they find 
they can no longer hold their own with the products of more 
up-to-date processes. Trade once lost is hard to regain in these 
da5rs of keen competition. In America and Germany, directly 
an improvement proves its worth, no hesitation is shown iij 
scrapping obsolete machinery or relegating wasteful processes 
to oblivion. Although in certain branches of trade we are 
beginning to adopt progressive methods, much remains to be 
done, and in no direction is there greater scope for improvement 
than in the production of power and generation of heat. , 

In his evidence before the Royal CommisMon, Dr G. Beilby 
gave the following excellent summary of the possible economies 
that might be obtained in the various uses to which coal fs 
put, 
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Railways 
Stations 
Factgries 
Mines . 

Blasting Furnaces . 
Iron and Steel 
Other Metals 
Brick-works, Potteries, 
GliSs, and China 
Gasworks 

Domestic purposes 


ConsumptioD, i Saving in 
Millions of < Millions of 
Tons. Tons. 


12-14 5 - 7 ) 

6-8 .. f 

40-45 20-30 ) 

10-12 5- 7 1 

16-18 2- 3 / 

10-12 2- 3 t 

1-2 .. I, 

4-6 I- 2 J 

14-15 ■ • ) 

* .I!*-.!!* 5 - 8 f 


I43-IO8 40-60 


Means of Economy. 


Gas generator and 
engine; electric 
motor & traction. 

Gas engine and re¬ 
covery ovens. 

Gas generator and 
coke. 

Gas cooking and 
heating, briquettes 
and coKC. 


This shows that there is more coal used for power production 
than for anything else, and out of the seventy million tons used 
for tliis purpose practically one-half could be saved if wasteful 
and inefficient steam-engines were replaced by modem typ^. 

The internal combustion gas-engine and gas producer have 
made slow progress as compared with the steam boiler and 
turbine, the great advantage of the latter being that it can be 
used in much larger units, whilst the gas-engine has not been 
a very great success in units over 1000 h.p. The result has been 
that in large central stations for the generation of electricity the 
steaq^ turbine has advanced with great rapidity. 

The gas-engine, however, is steadily progressing, and wm 
every day occupy a more important position in total power 
production. It is not at all impossible that this advance m 
power production may lead to the diininution in the quantity 
of coal annually raised that the Commission of 1905 hoped for 
or thought probable. The use of gas for heating and cookipg 
purposes also has diverted a certain proportion of coal from 
the domestic fireplace, where its consumption was extremely 
wasteful, and deleterious to the atmosphere and air of large 
towns, and has enabled the gas industi^ to supply inore and 
more gas for heating purposes; which is a distinct advantage 
from the point of view of economy in coal and improvement in 
atmospheric conditions. 






CHAPTER III 


THE I'ORM OF RETORTS USED IN GAS MANUFACTURE 

I) 

The early work of Murdoch—Apparatus for the distillation of coal—i 
Murdoch’s retorts—Clegg’s rotary retort—Disadvantages of iron 
retorts—Fireclay retorts—I^eakagQ, wfth clay retorts—Scurfmg— 
Early inclined retorts—Early vertical retort—Bueb’s intermittent 
vertical retort—^Dessau vertical retorts—Woodall-Duckham con¬ 
tinuous vertical retorts—Glover-Young systems—Glover-West con¬ 
tinuous vertical retorts—Carlxmisation m bulk—Chamber carbon¬ 
isation — Fully charged liorizontal retorts — Glover’s chamber 
retorts—Yield of gas from the various systems—Fuel consumption 
in the various systems—-Advantages of the continuous vertical 
retort. 

The practical utilisation of coal gas for the production of light 
and heat was due undoubtedly to William Murdoch, a young 
Scotch engineer, who in 1779 went to Cornwall in order to 
introduce the engines and pumping machinery of Messrs Boulton 
and Watt in the tin-mines of the district, many of wliich suffered 
from the influx of water. Making his headquarters in the small 
market-town of Redruth, he employed such spare time ^ he 
had in trying a number of experiments upon various points 
that had suggested themselves to him in liis earlier years, and 
amongst which was the production of illuminating gas from 
coal. f, 

The fact that inflammable gas could be obtained by the 
distillation of coal had been recognised at least a hundred years 
before Murdoch’s experiments, but it was he who showed first 
how coal gas could be made a valuable aid to civilisation. 

. So much has been said as to the part he played in the dis- 
ibvery that his own account of his experiments and claims, 
published in Nicholson's Journal in 1808, is of the greatest 
Iriterest. ‘ 

“ It is now nearly sixteen years since, in the course of 
experiments I was making at Redruth, in Cornwall, upon the 
quantities and qualities of different kinds of gases produced 
by the distillation from different mineral and vegetable sub¬ 
stances, I was induced, by some observations I had previously 
made upon the burning of coal, to try the combustible property 
of the gases produced from it, as well as from peat, wood and 
othei* imjammable substaaces; acd being struck with the 

48 
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great quantitjes of gas which they afforded, as well as with 
the brilliancy of the hght and the facility of its production, I 
. instituted several experiments with the view of ascertaining 
the cost at which it might be obtained, compared with that 
of eqn^ quantities of light yielded by oils and tallow. 

“ IVty apparatus consisted of an iron retort, with tinned 
copper and iron tubes, through which the gas was conducted 
to a considerable distance ; and there, as well as at intermediate 
points, was burned through apertures of varied forms and 
dimensions. The experiments were made upon coal of different 
qualities which 1 procured from distant parts of the kingdom 
for the purpose of ascertdiniqg which would give the most 
•economical results. The gas was also washed with water, and 
other means were employed to purify it. 

“ In the year 1798 I removed from Cornwall to Messrs 
Boulton, Watt and Co.’s works for the manufacturing of steam 
engines at the Soho Foundry, where I constructed an apparatus 
upon a larger scale, which during many successive nights was 
appliejl to the lighting of their principal building, and various 
new methods were practised of washing and purifying the gas. 

“ These experiments were continued with some interruption 
until the peace of 1802, when a public display of this light was 
made by fnc in the illumination of Mr Boulton’s manufactory 
at^Soho on this occasion. 

" Since that period I have, under the sanction of Messrs 
Boulton, Watt and Co., extended the apparatus at Soho Foundry, 
so as t 5 give light to all the principal shops, where it is in regular 
use, to the exclusion of all other artificial light. 

“ At the time I commenced my experiments I was certainly 
unacquainted with the circumstance of the gas from coal having 
been observetf by others to be capable of combustion; but I 
am since informed that the current of gas escaping from Lord 
Dundonald’s tar ovens had been frequently fired ; and I find 
that Dr Clayton, in a paper in vol. xi. of Transactions of the Royal 
Society, so long ago as the year 1739, gave an account of some 
observations and experiments made by him, which clearly 
manifest his knowledge of the inflammable property of the gas, 
which he denominates the spirit of coals ; but the idea of appl3dng 
it as an economical substitute for oils and tallow does not appear 
to have occurred to this gentleman, and I beheve I may, without 
presuming too much, claim both the first idea of applying and 
the first actual application of this gas to economical purposes.” 

WXen Murdoch first made coal gas at Redruth, the retort 
which he employed was simply a cylindrical iron pot, set, in the 
same way that a scullery copper is, over an open fire. It held 
a efiarge of 15 lbs. of coal, .was closqji at the top by an ijon 
lid, and the gas was led off 3 or 4 inches below the IW by a 
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horizontal pipe of iron. The trouble, however, of removing the 
coke after the carbonisation of the charge was so manifest and 
serious a drawback that as early as 1802 he had adopted a 
horizontal cylindrical vessel, from which the charge could be 
raked out more easily, whilst the flue was so constructed that 
the flame surrounded the retort and then made its escape direct 
into the chimney. He seems to have tried several settings of 
this character, with retorts varying in size from l foot to 20 
inches in chameter, and from 5 feet to 7 feet in length. 

At this period also he seems to have tried a cylindrical retort 
placed at an angle of about 45“, with a mouthpiece at each end to 
aid in charging and discharging. None of these earlier forms of 
retort were of any great size, the usual charge Murdoch employed 
being about 15 lbs. Soon after he reverted to the pot form, 
and, in order to facihtate the discharging of the coal, he fitted into 
it an iron cage, which was put in before the coal cliargc, and 
which could bo lifted out bodily by means of a small crane. 
In this he carbonised 15 cwt. of coal at a time. In tins experi¬ 
ment he came upon a trouble which is common to every process 
of carbonisation in bulk. That is, that the process of carbonisa¬ 
tion proceeds rapidly at first, producing a layer of coke next 
to the heated surface, and this, being a bad conductor of heat, 
retards the process of carbonisation, owing to the slowness with 
which the heat is transmitted to the inner portion of the charge, 
whilst the gas evolved in the interior portion of the charge, 
having to pass through the heated coke, loses a large proportion 
of its illuminating power, in consequence of the breaking down 
of the rich hydrocarbons, with liberation of oxygen. 

Before 1810 Murdoch had also discovered that in order to 
get the best gas yield a high temperature is necessary, and 
that if the coal is carbonised at too low a temperature the volume 
of tar produced is greatly increased, and the yield of gas 
reduced in a corresponding ratio. He also made a certain 
amount of progress in the setting of the retorts in the furnace, 
by making flues around the horizontal retorts, wliich would 
ensure as much as possible of the heat being utihsed. 

At tliis period the evils arising from submitting the gas to 
too long a travel through the incandescent coke seem to h*.ve 
been generally reahsed by other observers, and attempts began 
to be made to carbonise the coal in thin layers, so that the gas 
should escape more freely and would not have to pass over 
any very great surface of heated carbonised material. A retort 
was patented by Clegg in 1815, which he tenned a rotary«retort, 
which consisted of shallow boxes attached to radial arms rotating 
on a central shaft. The coal was charged in at the cool side of 
th?. shallow circular reto^ into the trays, and in this place"also 
the tray of coke could be remove*d. Carbonisation took place 
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on the heated side of the retort, into wliicli the radial arms 
carried the tray containing the new charge. Although several 
installations were erected, as might be expected they proved 
a failure ; a fate which also befell his web retort, in which an 
endless chain carried the coal to be carbonised in a thin layer 
throug'h the carbonisation chamlxT. 

The advantages of a thin stratum of coal being fully recog¬ 
nised, Malam introduced wide oval retorts set in a horizontal 
position, the bottom only of wliich was charged with coal, and 
he further made an advance in the setting by jdacing live and 
six retorts in a bench heated by three fires. 

By 1841 the form of retort used seems to have settled down 
to an oval, Q-shaped or circular retorts, five of which were 
placed horizontally in the same bed or setting. These retorts, 
being deteriorated rapidly by direct contact with the fire, were 
protected by fireclay shields or tiles. 

In none of these earlier retorts, however, could any tempera¬ 
ture beyond 800” C. (1472° F.) bo employed, as otherwise the 
exterior became so acted upon that the retort had a life of only 
a few months. Even with the greatest care the life of a retort 
was seldom more than eight or nine months. Even when 
working at lower temperatures than those usually employed, it 
is found that great trouble is caused by what is known as the 
" growing ” of iron, which takes place unless the greatest possible 
care is taken in the selection of the metal. This phenomenon 
is caused by the hydrocarbon gases permeating the metal and 
becomflig decomposed there, so leaving a deposit of carbon, 
which gradually forms a spongy mass. It is not an unusual thing 
for a lo-foot retort to increase two or three inches in length 
after a few months’ working, from this cause. 

Not only >lo the gases evolved render the iron spongy by 
penetration and decomposition, but the carbon shed off from 
decomposed gases and vapours like ethane and ethylene deposit 
on the heated surface of the crown of the retort. The action 
is at first slow, but as soon as an initial coating has formed, it 
proceeds with great rapidity, owing to the catalytic action its 
surface produces, with the result that deposits of retort carbon 
sogie inches in thickness are not uncommon. This highly 
adhesive coating not only interferes with the rate of passage of 
heat into the retort, but, having a different rate of expansion 
and contraction to that of the iron, when the retort is cooled 
down often leads to its cracking. The exterior of the retort, 
moreover, is attacked rapidly by the flue gases, and flakes off 
in masses of oxide and other compounds, whilst any pressing of 
temperature leads to distortion of the retort and displacement 
of the protecting tiles. 

This trouble with the metal retorts led to attempfc being 
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made to introduce fireclay retorts. These met with such 
opposition that it was not until nearly the middle of the century 
that they became generally adopted. Before fireclay retorts 
became general, brick ovens were used in many places. The 
early ones were square and capable of containing about 4 to 
5 cwt. of coal per charge, but later were altered to a flattened 
Q-shape and increased in size, so as to be capable of receiving 
a charge of 10 to 12 cwt. of coal. In these, carbonisation seems 
to have been very rapid, as five hours is given as the time taken 
to carbonise the charge ; but the consumption of fuel was 
excessive, sometimes rising to 70 per cent, of the coke produced. 
This, however, was probably largely due to faulty construction 
of settings and furnace and general flue arrangements. Their 
life, however, was four or five years, and they produced coke of 
a very good quality. 

In the early fifties, fireclay retorts almost entirely displaced 
these ovens, and have ever since been adopted, their section 
being made much the same as with the old iron retorts. 

A great deal of the early opposition to fireclay retorts was 
due undoubtedly to prejudice. They were adopted in Scotland 
for many years before they became used generally in England. 
The chief points urged against fireclay by its opponents were 
that, as its conducting power was only about one-tenth that of 
iron, the period of carbonisation would be increased to a serious 
extent, and that leakage would be excessive, owing to the porous 
nature of the baked clay. Moreover, in the early retorts the 
methods of manufacture, and in some cases the quality* of the 
clay used, led to cracking and breakage, which increased the 
prejudice against them; but with the introduction of better 
clays into the manufacture and the admixture of a large pro¬ 
portion of burnt clay with the plastic clay, to prevent shrinkage 
in baking, these troubles mostly disappeared. 

Lewis T. Wright made some tests upon the amount of gas 
lost by leakage with clay retorts under working conditions— 


Ketort. 

Ih-essure of gas 
in tenths. 

Loss of gas per h 
C^ondition of retort. super, of reton 

per 24 hours. 

I 

10 

in use 

2.46 

I 

5 

after scurfing 

7.10 

2 

10 

in use 

2-59 

2 

5 


1.46 

3 

10 

in use ^ 

3.20r 

3 

5 


1-53 

4 

10 

recently scurfed after i8 
months’ use 

13.6 

' 4 ' 

5 

V » 

6.8 
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This shows the important part played by deposited carbon in 
keeping the retorts gas-tight. As, however, the average pressure 
in the retorts would not exceed j\ths, the conclusion is that the 
loss is not serious. 

As,.can easily be imagined, the fifty years from the inception 
of the gas industry also saw great advances in the retort settings. 
These resulted in considerable fuel economy, so that by the 
early sixties the fuel consumption had settled down to about 
20 per cent, of the coke produced. Up to this time most of 
the retbrts had been what is termed “ single-ended”—that is, 
closed at one end —and had only one mouthpiece ; but in the 
larger works double-ended’retprts, with a mouthpiece at each 
■ e.xtremity, soon began to displace these. 

The advances which had been taking place both in the 
material of the retorts and in the settings had led to a general 
increase in the temperature of carlwnisation employed, but 
even in the days of the iron retort it was found, as we have 
seen, that considerable trouble arose from a crust of d ense 
carbop depasited on the inner surface of the crown of the retort, 
due to the effect of heat upon the escaping hydrocarbons; and 
when, with the introduction of fireclay retorts, the temperatures 
were raised, this became a very serious trouble, as it led to the 
retort having to be scurfed at frequent intervals. If this was 
djne mechanically, as it generally was, great damage to the 
retort resulted. A slight improvement took place with the 
discovery that the deposit could be burnt off easily by causing 
a flow of air over the surface of the retort when heated and 
empty, which burnt off the carbon, and that a mixed steam and 
air blast could be used with even greater advantage for this 
purpose. 

The trouBb, however, was at one time so great that it 
appeared as if the limit of temperature had been reached ; 
but the discovery of the fact that pressure had an enormous 
influence in causing this deposit led to the introduction of the 
exhauster to suck the gas away from the retort, and this, giving 
the possibihty of working with little or no pressure in the retort, 
led to a great improvement in the amount of deposit formed,’ 
and also in the quality and quantity of the gas produced. 

About 1885 Coze introduced the idea of pl acing the retort 
j USf at the . angle o f sli p of the coal, so as to utilise gravity to" 
Md.i ft - 4 :he charg ing-and-disiili argmg . the chaiging" being done 
fron^ hopper through the mouthpiece at the upper end of the 
retorf whilst, after the charge had been carbonised, the removal 
of a stop and the ‘‘ tickling ” of the charge caused it to slide 
This idea being adopted gradually, the inclined retort 
h^ played a very importapj part ii^ gas manufacture du^ng 
the past twenty years, and by the appheation of gas-fifine and 
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regenerative settings very high efficiency has been obtained 
from them. 

The i nclined rctort, in reality, has proved the link between 
the horizontaT retort and the new methods of carbonisation ; 
and it is curious to note that after a century of practicallv little 
or no advance in carbonising coal, the early years of the present 
century arc marked by the same energy in the development of 
new processes that marked the introduction of the horizontal 
retort during the same period of the last century. The cause 
of this activity has been the reduction of candle power infidental 
to the almost universal adoption of the mantle for lightirVg 
purposes, which led to a lowering of the parliamentary 
standard. 

At first, the gas manager attempted to increase the volume 
of gas obtained per ton of coal and bring its illuminating power 
down to the new standard by pressing the temperature at which 
the coal was undergoing carbonisation, but, for reasons already 
dealt with, this gave rise to such troubles that new methods 
were sought. This new era may bo considered to have smarted 
with the inauguration of the vertical retort, in which, by utilising 
a large oval fireclay retort s('t o n end , and with a slight taper 
fromliottom tb top, niuch larger charges fduld be Used than Had 
been possible with' the horizontal or inclined retorts, and in 
which also gravity was utilised to the full for charging and 
discharging. 

The vertical retort dates back to 1828, when it was first 
introduced by John Brunton, who, finding that the gas could 
not escape freely from the lowest portions of the charge, and so 
created considerable pressure, put a perforated pipe in the 
centre of the charge, to afford an easy way of escape. Nothing 
more was heard of the process, so it is presumed It failed ; but 
at later dates attempts of the same kind were made by Lowe 
and Kirkham, and also by Scott. 

After these early attempts nothing was done until Rowan, 
in 1885, patented tire idea of carbonising coal in a cupola, from 
the bottom of which the coke was withdrawn through a water 
seal. The true inception of the present era of vertical retorts 
may be said to have taken place in 1902, when Settle and Padfield, 
at Exeter, erected a semi-vertical retort in wliich the feed was 
continuous but the coke was withdrawn only at intervals. 
This retort and its performance will be fully discussed elsewhere, 
as although it was afterwards a failure, it embodied some most 
valuable features. • •' 

This year also saw the inception of the vertical retort in 
Germany, which was also patented in England. In Bueb’s 
pat^int, which is dated 7!^ July 1902, he sets forth the troflble 
in the ferly forms of vertical retort from the gas in the lower 
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part of the charge having to traverse the column of incandescent 
coke above it, and proposes to overcome this by heating the 
retort only on tliree sides, and having a scries of nostrils on the 
cool side through which the gas could escape from all parts of 
the charge. 'I'he fallacy of such an arrangement must soon 
have become manifest, as by July 1904 an experimental setting 
of verticals was at work at Manendorff, the side exits having 
been abandoned, and the gas allowed to find its way through 
the carbonising coal, and this retort was the subject of an English 
patent dated 19th January 1904. 

• In the meantime, on 37th July 1903, Messrs Woodall and 
Duckha m ^ook out their firs* i)atent, which embodies a pnnciple 
. far more important than any Touched by the German experi¬ 
mentalist; that is, that, good as are the results obtained with 

full clmrge of coal, carboni'ung and drawing, and then rec harging , 
in the saW way as wiFFTtiic old form ol retorts—greatImprove- 
ments could be effected by making th' piocess continuous—as 
was first attempted by .Settle—so approaching more nearly to 
unifortn conditions of carbonisation. 

This patent shows the principle of making a continuous 
discharge of coke from the bottom of the retort govern an 
automatic coal feed at the top. In 1905 Young and Glover 
patented, on 17th November, a continuous vertical system 
bSsed on the form of the shale retorts of which Young had made 
a life-long study. The main difference in this system from the 
WoodSll-Duckham consists of the discharge of coke being in¬ 
dependent of the coal feed, and that an empty space of constant 
dimensions is left above the coal, to form a cracking and fixing 
chamber for tar vapour. 

In 1908 th« waklLscal used to close the bottom of the Woodall- 
Ijackhajn retorts was i^laced by a better arran^ment, and dn 
ingenious coke'rJmovcr was added to bring down the mass of 
carbonised material more regularly. 

1909 saw the inception of the Glover-West system, John 
West of Manchester having brought his engineering knowledge 
to bear upon the constructional details of the Young and Glover 
rijfort of 1905. In this system there was introduced a cooling 
chamber for the coke, in which the heat from it was communi¬ 
cated to the secondary air supply, by passing the air through a 
jacket surrounding the coke cooler. The empty space at the 
top of the retort was done away with, and the coke withdrawal 
was made to govern,the coal feed. 

Since then material improvements have been made in all 
the three existing systems of verticals, chiefly in details. The 
veitical retort is destined to play so important a part in the 
carbonisation of the future that the Bessau, Woodall-IJuckHam, 
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and GJover-West installations must be dealt with at some 
length. 



Fig. I.— Dessau vertical retorts.* 


The principal installation of Dessau verticals in this country 
is rft the Ayres Quay wolks of thfe Sunderland Gas Company, 
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where, under the able management of Mr C. Dru Drury, they* 
have been working since 1909. 

The installation consists of a bench of six beds of ten retorts 
each, the setting being in two rows of five. Ine dimensions ot 
each retort are feet i nctie s longl tier ing from 0 inche s. 
h v22^ inches at tiiTtop' to 13finches bv27l-inchcs at th e boFfo m. 
Tnc installation Is "capable of carbonising 58J to ns of coaTper 
twentyilout-haufs, which, with deductions fdfTcurftng, amounts 
to 400 tons per week, and yields, with steaming, 7 20,000 cubi c 
feet oj gas per diem, or, ajiproximately, 12,630 cubic feet per 
tpn of coal . ■——— 

The arrangement and lotting of the retorts is seen from the 
cross-section of bench. Fig, i. • 

Each retort takes a little under half a ton of coal and requires 
twelve hours for its carbonisation, including two hours of gentle 
STSinIng. “ To"prevent any sticking or hanging up of the charge, 
the removal of carbon deposit from the inner face of the retort 
has to be carried out regularly, and to do this two retorts per 
day are left out of action, so that every retort is scurfed on the 
average once in five and a half weeks. 

The setting is fired from a producer deep enough to hold an 
excess of coke, which ensures a good producer gas of constant 
composition, and the flue temperatures vary from 2390° F. to 
1760° F. in the third chamber. 

• The pressures at the bottom of the retorts are high during 
the first two hours, and then gradually fall until after the sixth 
hour they are negligible, whilst at the top they vary from level 
gauge to one-tenth. 

The coke used as fuel is 13.96 per cent, of the weight of coal 
carbonised, and the gas produced 12,028 cubic feet of 17.55 
candle gas from second-class Durham coal without steaming, 
but with steaming ihe fuel rises to 17.8 per cent, of the coal 
carbonised with an increase up to 13,000 cubic feet of gas, and 
consequent fall in illuminating power. 

The process is intermittent, and the retorts being emptied 
every twelve hours, the condition of the retort and the heats 
can be observed readily, whilst if any sticking or hanging of the 
charge takes place it is more easily dealt with than in a con- 
tftmous process. 

In the W qndall-Diirkham continuous vertical retort system 
the principle is adopted of a continuous descent ot the carbonising 
coal throi^h the heated retort, time and temperature being so 
adjured that the action is completed by the time the bottom 
of the retort is readied. The advantages of a continuous system 
of carbonisation are so self-evident that it has always been felt 
th^ ideal conations could be approached only when a successful 
process for accomplishing it* was perfected; but the djfficuhies 
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to be overcome liave been so great tliat until Settle and Padfield 



I’lG. 2.—Woodall nuckltani vertical retorts, Lausanne pLint. 


and Woodall and Duckham in 1902-3 started experimenting^on 
theS; lines, it seemed alntost impossible to achieve it; and in 
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the ten years that have elapsed since the inception of the idea 
of applying the vertical retort to continuous gas manufacture 
such advances have been made that continuous carbonisation 
is not only a practical success, but in another ten years will 
have established itself probably in all save the smallest 
works. * 

The Woodall-Duckham retorts arc 35 feet long, gradually 
tapering from 4 ft. 3 ins. by 8 ins. wide at the top to 5 ft. 3 ins. 
by 30 ins. wide at the bottom, and they differ from other verticals 
in being built up of grooved and tongued bricks, panelled at the 
back, so that whilst leakage at the joints is reduced to a minimum, 
the transmission of heat to the chaise is aided and the heating 
surface increased on the flue side. A good idea of the general . 
features of the installation is given by a cross section of the 
Lausanne plant (Fig. 2), from wliich it will be seen that the 
producer gas and secondary air from the regenerator meet at 
the top section of the retort and burn downwards, so as to 
produce the highest temperature where it is most wanted, i.c. 
at the spot where the cold coal is entering the carbonising 
area. ' 

The arrangements for changing and discharging are shown 
in Fig. 3. These are the parts of the installation that have given 
the greatest trouble to get right, as upon their smooth working 
depends the success of the installation, and they are, as at 
present fitted, the outcome of five years of experimenfal 
work. 

In order to prevent the sudden fall of the coke in the*retort 
on opening the bottom door, a east-iron hopper or coke chamber 
is attached to the bottom of the retort, the back of the chamber 
being made of a curved iron plate on which the end of the coke 
column rests, and the coke is prevented from slipping down by 
the arms of an extractor roller shown in Fig. 4. 

The extractor consists of a series of cast-iron cross pieces 
mounted on a shaft, each cross piece being arranged slightly in 
advance of its neighbour, so as to form what are practically 
helical blades. As this slowly revolves the same amount of 
coke is withdrawn throughout the whole of the revolution and 
keeps the travel of the charge in the retort constant vrithoyt 
breaking up the coke to an undue extent. Hanging weights are 
suspended from a shaft immediately above the extractor and 
prevent any passage of coke independent of its revolution. 

The normal rate of movement of the extractor is one revolu¬ 
tion per hour, but a screw adjustment enables this to be mried 
according to the character of the coal used. The period occupied 
from the entrance of the coal at the top of the retort to its 
discharge at the extractor is from seven to eight hours. • 

The eKtractor is driven ^jy a wedge pawl working in a grooved 
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wheel, and is driven by a rocking shaft extending the length of * 
the bench (Fig. 5). The coke, after passing the extractor, falls 
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from the hopper, but the one fitted to the latest installations is 
a water-scaled door, shown in Fig. 6. 

The small amount of water present in the seat serves to 
keep the casting cool, but is never in contact with the coke, 
which, when necessary, is quenched by a small spray playing 
upon it in the storage hopper ; but the cuke loaves the apparatus 
practically in a dry state, and at a temperature of about 140° F. 

It is evident that it is the rate of travel of the extractor 
which governs the rate of passage of the charge through the 
heated zone ; and the feed at the top of the retort is so afranged 



I'ic. 5.—Exlraclor drive. 


I Fig. 6.—Cal.c discharge. 


that the supply of fine coal simply follows the sinking column of 
coke and keeps the retort full, with the exception of a small 
space leading to the gas exit, which is partitioned off and can 
be regulated in size by a sliding plate. 

In order to permit of these arrangements, the top of the 
built-up retort is closed by a cast-iron mouthpiece, to which is 
fixed the coal feed, gas take-off and regulating division plate, 
as shown in Figs. 7 and 8. 

The coal feed consists of a gas-tight hopper made of mild 
steel, and so arranged to one side of the retort that it leaves 
free access to the interior of the retort should need arise, *as in 
the case of a charge hanging up and not passing down regularly 
to the extractor. This hopper is closed at the top by a gas- 
tight valve, on opening which coal is fed in from a store^hopper 
above, the operation takirfg only a 'fraction of a minute, and is 
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led^sj 


necessary only once in three hours, the hopj>er being so propor¬ 
tioned as to contain enough coal to 
supply the coke extracted by the 
three revolutions of the extractor at 
the bottom. 

It is clear that in order to obtain 
continuity in the process a certain 
amount of complexity in the working 
arrangements becomes a necessity, 
and in* comparison with the crude 
simplicity of the older methods 
awakens mistrust in the gas manager’s 
mind, whilst, naturally, the' sup¬ 
porters of the intermittent systems in 
vertical carbonisation make as much 
as possible of the fact that they can 
freely inspect the interior of their 
retorts every twelve hours, and keep 
them scurfed and free from obstruc¬ 
tions likely to hang up the charge. 

Extended exi>erience, however, will 
show that there is very little in this 
contention. The formation of the 
carbon deposit or scurf in a vertical 
report working continuously is a sign 
of faulty management, as all the 
hydro?arbons capable of being broken 
up, with deposition of carbon, should 
be out of the carbonising mass before 
the charge has travelled half-way 
down the reliftt, or at any rate remain 
only in the core, in escaping from 
which they would deposit their car¬ 
bon in the coke and not on the 
retort, so that any hanging up from 
this cause should be only near the 
top ;f; the retort, and is easily freed 
bjj a ' ■ 


khrust from the clearing-rod 
throuA the sight hole at the top. 
Formaion of the scurf in the lower 
part ca the continuous vertical means 
that aeen coal has got too far down, 
and tiat there is something radically 
wronglwith the working of heats, feed. 



Fig. 7.—Cross section of top of 
retort. 


or remval. Mechanical hanging up, due to straining, bulging, or 


n the retort, may take place in any part. and means shutting 

_j__ _j._j." __j-_** 


down|nd proper adjustment, or endl^s troubles will arise. 
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The Woodall-Duckham system is at work not only in several 
English works, but also in America, and at Lausanne in Switzer¬ 
land, and the general run of results with various coals is l2,ipo 
cubic feet per ton, whilst the fuel account is very low, being only 
a little over 12 per cent. 

The second continuous vertical carbonisation process is the 
Glover-West, which is founded upon the Glover-Young 
system patented in 1905, and more or less based on the Scotch 
shale retorts, which for more than half a century have been used 
for the distillation of shale oil. *• 

The original Glover-Young installation has now been abaft-' 
doned, and is sufficiently explained "by the section (Fig. 9). 

Its marked differences from 'the Woodall-Duckham system • 



were in leaving an empty space at the top of the retort, passing 
the escaping gases and vapours through the coal hopper, and, 
as a necessity, making the discharge and feed more or less in- . 
dependent of each other. 

In the Glover-West system, however, these features all 
disappeared, and a very distinct improvement was ma|d<^ in 
leading the secondary air for combustion in the flues th|rou^ 
a chamber jacketing the cooling hopper for the coke, sej, that 
instead of quenching the coke by a fine spray, the coke lyields 
its heat to the in-going air, and by this regeneration relduces 
further the fuel consumption, which is given by Mr j. G. 
Newbigging as 10.04 per cent. , 4 _ 

An excellent paper on the system was read by Mr Newbi gging 
at the 1911 meeting of the Institution of Gas Engineers, from 
which it may be gathered that the working at the Dro} ’l^en 
branch •of the Manchesfer gasworks is giving great 4 satis- 
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faction, and upholding tlio results previously attained at St 
Helens. 

The Droylsden in¬ 
stallation consists of 
two settings of eight 
retorts, the nominal 
capacity of the plant 
being 500,000 cubic feet 
of gas per twenty-four 
hours, itn output, how- 
c^r, which has been 
exceeded several times. 

•Each setting of eight is 
sub-divided into two 
sections of four retorts, 
this arrangement being 
of use in the event 
either of the total out¬ 
put not being required 
or of any one section 
needing to be shut 
down. Each setting is 
provided with its own 
producer, from wliich 
ga? ascends to the com¬ 
bustion chamber, each 
half of ^he setting hav¬ 
ing its own Hue. The 
general arrangement of 
the retorts in the setting 
can be seen froiA Fig. 10. 

The retorts are oval 
in section, tapering 
from 30 by 10 inches 
at the top to 36 by 22 
inches at the bottom. 

The total length is 20 
feet Oiic of the special 
features of the setting 
consists in there being 
a cast-iron chamber 3 
feet deep at the bottom 
of the retorts, whicji 
forms a cooling chamber 
for the coke, and en- 
able 3 »the heat given oft 
secondary combustion 



/i-v.- 

Fio. 9.—Clover-Young retort. 

by it to be imparted to the air for tie 
Below this cose cooling chambe!' each 
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retort is fitted with an extractor, which consists of a slowly 
revolving vertical screw made in halves, so that by undoing a 
catch and partially revolving one half, a space for inspection 
and access to the retort is afforded. 

The power for driving all the extractor screws is obtained 



from a small gas-engine, the power being transmitted to the 
coke extractors by a belt drive with a speed reduction device 
and reciprocating side rods, from which levers and ratchet pawls 
with ratchet wheels drive the coke extractors. 

The extractor discharges the coke into the boi'-om hopper, 
which has a self-sealing hd. An^idea of the bottom ’hopper or 
coke chamber can be gafhered from Figs ii and 12. From this 
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iM" ‘‘t inl^r^'als of two Iiours. The arranee- 

th!" yV'*^ I ti almost identical with those^of 

etort at tlu suk of the Ixise of the coal-feedine hopper a nar- 
tit.on bemg provided to keep the space free^froTthe coa5, 



Fig. II.—f^Iovcr-Wcst i-oke chambers: Front view. 

wWch descends on the otlier side of the partition, from the sealed 

All the experience which has been gained with this class 
PO'nts to wear and tear being small. The St Helens 
installation, although.it has been working for something like 
three years, is still m excellent condition. With this siltem 
as wth the Woodall-Duckham, the enormous advantagf St 
at firJt stnkes any one accustomed to the old processes^of cai-- 
omsation is the smooth and noiseless* working of the^plant, 
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with absolute Ireofloni from smoke and steam, the coke being 
fed out at the Ixhtom, cooled down and dried. It must be 
remembered that tbrougliout the whole process in continuous 
carbonisation the retorts are yielding gas of perfectly uniform 
composition, which is in itself an enormous advance over the 



Fiu. Ji.—(jJo\<T-Wt'st foke chambers: Side vjcw. 

old bench of retorts, in which the newly-charged ones were 
giving an i8-candle gas, whilst those in their fifth hour were 
giving a non-luminous product; the only guarantee of uniform 
quality in the holder being that the products of many retorts 
were mingling and mixing from the entrance to the hydraulic 
main to their exit from the purifiers. * 

The economies to be derived from carbonisation in bulk 
have, on the Continent, led to still further advances in the size 
ot tha charge, and litfi'e more than four years ago chSmber 
carbonisation was introduced at Munich, in which charges of 
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three to eight tons of coal can be dealt with at a time. This 
method also has met with a large amount of success, a number 
of installations having been erected on the jirinciples laid down 
by Ries, Hoppers, and others. 

This class of carbonising plant is intermediate between the 
ordinal^ intermittent gasworks practice and coke oven recovery 



plant, differing indeed from the latter only in the treatment of 
the gaseous products, and in some of the chamber processes 
adapting the principle of the inclined and vertical retort, in 
order to secure as much aid as possible from gravity in discharging 
the coke formed. 

. The history of the chamber setting as apart from coke oven 
practice may be said to date from 1901, when Kies and Schilling, 
at the Munich works,‘adapted an old setting for inchned retorts 
by building Into it three chambers, taking a charge of one ton each, 
the floors of the chambers being' set at an angle of 35°. The 
chambers were afterwards enlarged, a»d finally an instsdlatiSn 
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of fifteen chambers in five settings was erected, and started work 
in the autumn of 1906. 

The general arrangement of tliis installation is shown in 
Fig. 13. Each carbonising chamber takes a charge of two and a 
half to three tons, and the time taken to car bonise it is twenty- 
four hours. Tliis system was reirortcd on by i)r Bunte fo 1907, 
who found that an average of 11,342 cubic feet per ton of Saar 
coal could be obtained, of a gross calorific value of 626 B.Th.U. 
per cubic foot. 

Ur Bueb criticised these results, and pointed out that if a Saar 
coal took twenty-four hours to carbonise, a Durham coal would 
probably take thirty-six, so that Wie of the claims to economy, 
t.e. being able, to do away with night shifts, was a fallacy ; but_ 
even if this were so, the. economics in handling are very great. 

As Dr Lessing has pointed out, the history of chamber car¬ 
bonisation affords almost the only e.Kception that can be brought 
forward of the gas industry accepting a new process with little 
or no experience to support it. The jrrincipli' has spread with 
great rapidity on the Continent, although the English gas 
manager has not, so far, been tempted to try it. 

No sooner was the. Munich installation successfully working 
than a battery of chambers of nearly double the cairacity was 
erected at Hamburg. It consisted of ten settings of three 
chambers each, inchned at an angle of 35“. The chambers are 
24.6 feet long by 7.4 feet high, the two outside chambers bekig 
I foot 8 inches wide and the middle chamber 2 feet. The car¬ 
bonising period is twenty-four hours, and the capacity of the 
three chambers 17.5 tons. 

In a third installation, at Moosach, the size was still further 
increased, the chambers being made 28.7 feet long, the height 
and width being the same as before, and the imitallation con¬ 
sisted of twelve settings of three chambers each. At Bochum, 
an installation, also on the inchned system, was designed and 
erected by Koppers, and started work in igo8, whilst a still 
larger battery of fifteen chambers was erected at Vienna (Fig. 14). 

At Rotterdam, horizontal chambers were introduced in the 
same year, on the Klonne principle, and inclined chambers by 
the same firm at Konigsberg. 

Messrs Knoch have also erected inclined chambers at sev^tal 
towns, whilst Kliinne at Dortmund and Horn at Heeklingen 
have introduced vertical chamber ovens. 

All these types have had their supporters, and on the Con¬ 
tinent something like 1000 chambers on various systems have 
been erected, but nearly all the older sysitems have undergone 
modification, and there is a noticeable tendency to revert to 
the horizontal chamber with mechanical coke pusher. , 

‘ The whole of this extraordinary development in chamber 
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' carbonisation has been due to economy in handling. It has been 
claimed that in some cases a labour charge of (^d. per 10,000 
cubic feet has been reduced to Jd.; but although this is an 
important item the initial cost of such a plant is very high, 
and the gas is below the English standard of candle-power, 



Fig. 15.—Klonne’s iiichuwl clt-unbcr (jvcus at KoiugvltciK : Ch.trKUif,' t-ulc. 


although of a satisfactory calorific value. This fact has saved 
the English gas manager from having a fresh series of claitas 
to consider ; and by the time the illuminating standard has 
been consigned, together with its friend the flat-flame burner, 
to an unhonoured grave, and a calorific standard has taken its 
place, the continuous vertical system will have shown that the 
true path for the carboniser to follow is uiAformity in treatment 
and rapid heating, rather than a twenty-four hours’-'Stewing, if 
gas and domestic coke are his aim ; whilst, if metallurgical coke 
is *the 4esircd result, th« chamber will liave some trouble to 
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prove its superiority over some of the more modern form's of 
coke oven. 

Many observers felt that the old horizontal retort could be 
made to yield better results than had hitherto been obtained, 
and Mr. Charles Carpenter, at the South Metropolitan Gas 



Company’s works, found that great advantages may be obtained 
by packing the horizontal retorts full of coal (instead of only 
partly filling them), as had been suggested by Kunath in 1885, 
this doing away with the large space that had always been left 
above the charge ofi carbonising coal, and so eliminating to a 
great extent the baking of the gases and contact with the heated 
cro^ of the retort, thus giving a distinct advance in make and 
quaoity not only in the gas but in th e tar . 
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In following the history of the rise of the gas industry one 
cannot help feeling that the part played by the introduction of 
mechanical stoking and discharge has hardly received the lull 
measure of credit that it deserves. Without it the fully charged 
horizontal would have been an impossibility, and although in 
the course of time our friend of a century is bound to bow its 
head before the advance of the continuous vertical—in the same 
way that the mantle has swept away the flat-flame—yet the 
horizontal retort is making a splendid effort lo retain its pride 



Kig. i6.— Chamber retort iictting at Norwich. 


of place, and the full charge will keep it alive for many years to 
come. ^ 

At Norwich, Mr Thomas Glover installed a form of retort 
which is a compromise between chamber carbonisation and a 
full charge in the horizontal (Fig. i6). These so-called chambers 
consisted of oblong retorts 3 feet liigh, i foot wide, and 21 feet 
long, taking 21 cwt. at a charge, and carbonising it in twelve 
hours. The results obtained from them were excellent, but 
on further experience it was found that the fully charged 
horizontals gave practically the same result, and the use of ttie 
semi-chamber has been abandoned, or at any rate not extended. 

If we attempt to differentiate between the modern methods 
of carbonisation, taking as a basis the gas yield per ton from a 
good gas coal, we find that there is but little to choose between 
them, the well-filled horizontals holding kheir own with the 
intermittent and continuous vertical retort systems, but as 
soon as we begin to consider other points, the continuous vertical 
ret«rt logins to assert its .superiority. ‘ 
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When we take the four leading systems and try to diSer- 
entiate between them by the important item of fuel consump¬ 
tion, we find the best practice gives per 100 lbs. of coals 
carbonised 

Horiz(»tal. Intermittent Continuou.s Carbonisation. 

verticals. Woodall-Duckham. Glovcr-Wcst. 

14 1.5 12.1 10.3 

So that here, as one would expect, the withdrawal of heat from 
the coj^e and utilising it to heat the secon dary air g ives the 
^lovor-West process an advantage. 

If we now take cleanliness of Vorking, amount of nuisance 
to the neighbourhood of th’c gasworks, and uniformity in com¬ 
position of the gas during the period of carbonisation, the con¬ 
tinuous vertical retort stands alone. It is an imiwssibility to 
shoot or feed a heavy charge of raw coal into a red-hot retort 
without getting an outrush of steam and smoke that permeates 
the atmosphere for a considerable distance, which means not 
only loss but stench. Continuous vertical carbonisation also 
gives .the further advantage that the coke, being cooled in the 
bottom chamber of the retort, needs httle or no spraying when 
drawn, and steam is thus avoided. 

The coke, tar, and sulphate of ammonia in all the new methods 
of procedure arc an improvement upon the products from the 
lightly charged horizontal, so that not only from the scientific 
but also from the practical point of view the continuous vertical 
rctort,processes are the ones that show the real advance, and 
what is still more important is that they are the ones which 
offer a promise of improvement. 

There are other points, however, which the gas manager 
must 4 ake ir^to consideration in choosing a process, and these 
are; the cost of an installation, the cost of labour, and the 
ground space that the installation will occupy. At present 
the cost of the vertical retort installation, be it intermittent 
or continuous, is in most cases just about double that of the 
horizontal; but, on the other hand, it must be credited with 
saving in labour and space ; nor should it be overlooked that 
the horizontal retort has had a century of experience lavished 
upon it, wliilst the vertical is in its infancy. 

I think enough has been said to show that we are well ahead 
of Continental practice, and if any one asked my advice as to 
their present carbonising methods, it would be to use full charges 
in horizontak until a scrapping of the plant becomes a necessity, 
and then to instal acontinuous vertical retort system. 
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COKE OVENS AND THEIK DEVF.I.Ol’MENT 

The early history of coke iiiamirarturt'—Meilcr coke—Iicohive*ovcns—■ 
Modern improvciiionts — American practice — Jameson’s oven -le 
Classification of coke ovens—'file Copiiee oven—Tiie Appolt oven— 
Simon-Carves recovery plant oven—'the Otto recovery plant oven— 
Difficulties of heatinp; the chambers - Jlliiminatinf! gas from recovery 
coke ovens in America liesulls—Dillereiiccs between American 
and Continental gas chamber piocesses. 

An old German carboniser named Stanf seems to occupy the 
same position with regard to oven coking that Murdoch does 
to the gas industry, Goethe, in describing a holiday in the 
Saarbiuck district, tells of a visit he paid in 1771 to the 
old philosopher, whom he found living in a small hut on 
a hillside, endeavouring to cleanse coal from sulphur in a 
connected row of furnaces, with the object of using the coke 
for iron-smelting. 

This attempt arose from the necessity of finding a substitute 
for charcoal, which up to that time had been the fuel employed 
for the recovery of iron from its ores, but which, owing»to the 
depletion of the forests, was becoming so costly as to render its 
use prolribitive. When the idea of coking coal first arose, as 
might be expected, the same methods as in charcoal-burning 
were employed, heaps of coal being ignited on the ground and 
the combustion checked by coating with damp coal dust. A 
small advance was soon made by building a brick shaft or 
chimney with openings in the side, to allow the passage into the 
shaft of the gases and volatile vapours issuing from the heap of 
coal piled around it, and so arranged that the largest coal was 
nearest the middle. The mass was ignited by burning coal 
introduced into the shaft, and air inlets were made along the 
ground into the heap, the combustion being checked afterwartls 
by coal dust, ashes, etc., spread over the outside. Such a method 
of carbonising was most wasteful, but it produced a good coke 
where a certain quantity of volatile matter was not a drawback ; 
and “ meiler coke,” as it was called, is still made on a small 
scale. ' 

In these processes the heat was given partly by the com¬ 
bustion of some of the coal, and partly by the gases and vapqurs. 
But the, meiler heaps soon began to be displaced by “ oven ” 
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coking, which gave a more uniform product and a larger yield 
of coke. 

The early ovens were heated entirely by the combustion of 
the vapours and gases, together with a small proportion of the 
coal \ythin the oven, no e.\ternal heat being employed. These 
ovens, called “ beehive ovens,” on account of their domed tops, 
were 12 feet wide by 10 feet deep, and held a charge 10 feet in 
depth. The walls were 2 feet tliick, and the ovens were built 
in groups to ndain heat and minimise brickwork. They had 
a hole In the toj) of the dome 2J feet in diameter, which could 
Te closed by a i)late, and an 0])ening in front for charging and 
drawing, fitted with a sliding door in an iron frame, the door 
being provided generally with air inlets adjustable at will. 
The charge coidd be introduced either through the hole at the 



Fig. 17.- Coke meiler. 


top or by the door, but it was found that the coke was of much 
more even density if the coal was charged by the door, as when 
shot in from the top a dense mass of smalls was formed under the 
hole, which torbonised more slowly than the rest, and so gave a 
less uniform quality of coke. 

In Silesia, ovens of much the same kind were employed; 
but the- top was kept closed, a little air was admitted at the 
bottom and sides, and the gases and vapours were led by a side 
tube into a tank of water, where the tar condensed and the gas 
escaped. 

• In both these forms of oven the new charge introduced fired 
from the bottom, if the structure remained hot enough from the 
last charge, but as soon as the gas began to be evolved it burnt 
above the charge, and the heat, spreading downwards through 
the mass, continued the carbonisation, the completion of the 
action taking eighty-four to ninety-six hours per charge of seven 
tons. Ai; the end of this period the top cover was put on, and 
the oven allowed to cool down for twelve hours. The coke was 
then drawn by rakes, and quenched with water. 

The beehive oven still rtiles supreme in Durham, Scotland, 
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and America. The latest form utilises a portion of the waste 
heat ; to do which the ovens are built back to back, with a 
flue between them, the suck of a chimney drawing the hot 
products of combustion and incompletely burnt gases through 
the furnace space of a Lancashire boiler, and so utilising them 
for raising steam. 

The type most used in America differs but little from the 
English pattern. The oven is dome-shaped, 12 feet in diameter 
by 7 feet high. It is charged through the top opening, either 
from a coal trolley running on lines above the opening, of, when 
the ovens are built back to back, from a top truck running 



Fio, i8.--Modem beehive oven. 


between the top openings of the two rows. The usual charge 
of coal is six tons, and is fired by the heat of the chamber, after 
which, the air supply being above the charge and passing in 
through a regulator above the door, combustion takes place 
from the top downwards, giving at the top of the carbonising 
mass a thick layer of red-hot coke through which the gases 
from below must pass, effectually decomposing any hea\®^ 
hydrocarbons, with deposition of their carbon. The carbonisa¬ 
tion takes from forty-eight to eighty hours, and the coke is 
quenched before drawing. 

In this, as in all other forms of beehive oven, air being 
admitted to the carbonising mass, it is glear that a certain 
proportion of the carbon of the solid residue, as well, as of the 
gases, must be burned, and the coke yield is rarely more than 
60 per cent, of the coal carbonised. « 

The beehive oven answers so Well for certain types of coal 
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difficult to deal with in narrow chambers that it has retained 
its pride of place down to the present day, but from time to time 
attempts have been made to so arrange its construction as to 
recover some of the valuable products that were not only being 
wastec^ but were ruining the atmosphere and vegetation for 
miles around. 

One of these attempts—for they have all proved abortive— 
was of special interest, as throwing a side-light on the causes 
3f the superiority of the beehive oven coke. It was made by 
Tamesdn in 1883. 

As we have seen, in the beehive oven the combustion is 
downwards. Jameson fitted in the floor of his oven perforated 



Imc IQ.—American oven. 


pipes leading* to a tap and exhauster, by means of which a 
downward suction of the distillation products and their with¬ 
drawal without passage through the red-hot surface coke could 
be effected, and the tar and any ammonia from the gas could be 
recovered. The process, although it attracted a great deal of 
attention, was not a success, as it was found in practice that the 
downward suction, by drawing in more air to the crown of the 
o'^en, increased the rapidity of the carbonisation and reduced 
the 5deld of coke not only in quantity but in quality, so that 
the net result was a soft coke no better than the product of the 
gasworks and very friable, with only a small yield, whilst the 
tar, being a low temperature product, was a paraffinoid tar, 
having many of th^ characteristics of “ coaUte ” tar, and of 
very little, use for colour production. The interesting point is 
that the withdrawal of the rich gas and tar should weaken the 
cok* and make it akin to a gasworks coke. This clearly defines 
the difference between gas-m*aking anti coke production* “ 
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In gas-making, wlicrc illuminating powct is essential, small 
charges in thin layers quickly carbonised in a short time yield 
the maximum of gas rich in illuminants, but in the coke oven, 
large charges and long periods of heating give a poor illuminating 
power but a strong coke, as the carbon from the degradation 
of the hydrocarbons lutes the mass into semi-metalhc hardness. 

Many more alterations have taken place in coke ovens than 
with gas retorts. In dealing with the earlier forms it will be 
well to adopt some simple form of classification to aid in arrang¬ 
ing the various types .suggested from time to time in'such a 
way as to show the evolution of the modern ovens. ' " 

The first broad sub-division may be into two classes— 

1. Internally fired ovens into which air is admitted and the • 
heat for carbonising is derived chiefly from the combustion of 
the gas, but partly from the coke. 

2. Externally fired ovens to which no air is admitted and 
all the heat for carbonising is got from the combustion of the 
gas. 

To the first class belong the meiler heap and its descendant, 
the beehive oven, which is still the type most largely 'used; 
wliilst to the second belong all the intermediate ovens that paved 
the way to the introduction of the modern by-product recovery 
ovens, chamber and vertical gas retorts. 

Many forms of coke oven were introduced in the ’sixties 
and ’seventies. The two most interesting arc the Coppee afid 
the Appolt: the former being the forerunner of the present 
recovery plant, and the latter of the modern vertical refort. 

In the Coppee ovens the carbonising chambers were long 
and narrow, with sides slightly tapering from back to front, 
and about 3 feet 6 inches high. Crushed coal was fed into 
them from the top, and was carbonised by the dombustion of 
the gases evolved from the coal, which escaped through openings 
in the sides into flues between the chambers, where it met an 
air supply and burnt, heating the sides of the chamber. The 
ovens were built in batches and were charged in rotation, so as 
to equalise as far as possible the heating value of the escaping 
gas, which is large in volume and high in calorific value during 
the first half of the carbonising period, and rapidly falls durijig 
the second. When the action was completed the coke was 
pushed out from the oven by a ram, both ends of the oven being 
closed by doors. 

These ovens were introduced at Chapeltown, near Sheffield, 
in the early ’seventies, and about the same time at Ebbw Vale, 
and they contain many of the characteristics found in t;he modern 
recovery plant ovens. 

^The Appolt oven consisted of a rectangular structure con¬ 
taining twelve coking chambers or’ built-up rectangular retorts, 
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having a top section of 3 feet 8 indies by 13 inches and a bottom 
section 4 feet by i foot 6 inches, and between the chambers, 
flues varying with tlie taper of tlie retorts. Vents in the side 
walls of the retorts allow the gases and vapours to pass into the 



flues, where, meeting the air supply, they burn and yield the 
necessary temperature. 

The retorts were fitted with doors at top and bottom, so 
that they could be fed and discharged by gravity. These ovens 
were used as early as 1857, in the collieries of the Pas do Calais, 



Fio. 21.—Otto recovery oven. 


and the large heating surface constituted a great advance on 
anji previous form of oven. 

About the ’sixties various attempts were made to introduce 
ovens from which it would be possible to collect some of the 
by-products, but no very successful result was obtained until 
about 1879, when Simon and Carves introduced a recovery 
plant in which, taking the Coppee form of oven, they closed the 
side exits for the gas into the flues, and led the gas off by a 
dip pipe and hydraulic main to condensers and scrubbers, which 
extracted the tar and ammonia, the gas being led back to 1;fie 
ovens and burnt in the flues, \o heat the chambers. 

F 









82 


THE CARBONISATION OF COAT 


Soon after this, ovens of the same character were introduced 
by Dr Otto, wliich differ from the Simon-Carvcs plant cliiefly 
in the arrangement of the combustion and heating flues, and 
in making up for the loss of heat duo to removing, cooling, and 
scrubbing the gas before combustion by using Siemens regenera¬ 
tors to extract the heat from the flue gases and highly preheat 
the air used in the combustion. 

During the past thirty years many improvements have been 
made in the earlier forms of recovery plant coke ovens, and at 
the present time only one-half the gas produced in the carbonisa¬ 
tion is needed for firing the ovens. This has led to attempt? 
being made to so arrange the woiking of the plants as to fit 
them for the production of the gas supply for large towns, the 
economies incidental to working with large charges offering an 
important reduction in the cost of coal gas. As soon as the 
legislature abolishes the absurd trammels that bind the English 
gas-maker to a standard of illuminating value, which means 
nothing, and adopts a standard of heating power, which means 
everytliing, some advance may be made, in tliis direction in 
localities where there is a good market lor metallurgical coke. 

The improvements in the recovery ovens since their first 
inception have been largely in the arrangement of tlie flues for 
heating'the sides of the chambers. The siijieriority of vertical 
over horizontal flues is now generally admitted, allowing the 
necessary temperature to be attained with a consumption of 
less than half the gas produced by the carbonisation. 

A great difficulty that was found was to get even aiid con¬ 
tinuous heating of the chamber walls, as wlien, in tlie early 
Hoffman ovens, the Siemens regenerative principle was adopted, 
the alternate application of heat to only one-half the cliamber 
wall, the heating being alternated every half-hour; gave fluctua¬ 
tions in temperature which affected the carbonisation and 
strained the brickwork; and the same trouble was found in 
the United Otto and Koppers ovens. 

In his later oven, introduced in igofi. Dr Otto doubled the 
number of regenerators, so as to reverse alternately in four 
sections, whilst Coppee in his newest type makes the reversal in 
five sets out of ten sets of flues, and Collin extends the reveigal 
to alternate flues, thus ensuring the most even temperature. 

In 1901 Dr Schniewind read a paper at the International 
Engineering Congress held in Glasgow, on the production of 
illuminating gas from coke ovens, which attracted a consider¬ 
able amount of attention to this subject, and in it he described 
the progress that had been made in the United States and 
Canada in utilising the richest portion of the gas for town supply 
anfl the use of the remainder for heating the ovens. Plante for 
this pifrpose were erected by the‘United Gas and Coke Co. at 
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Everett, Mass., Hamilton, 0 ., Camden, N.J., and Sparrows 
Point, Md., and consisted of an adaptation of the Otto-Hoffman 
process. 

The ovens are in bunches of fifty, whicJi form the unit. Each 
oven consists of a gas-tight chamber 43 feet 6 inches long, 
17 inches wide, and 6 feet 6 inches high. The ovens are erected 
side by side, and are separated by hollow walls divided into ten 
compartments, each containing four vertical flues, directly 
under which are the combustion chambers, with an air chamber 
below the retort. The .air is regenerated to 1800° E. (982° C.) 
"by a pair of regenerators under the centre of the battery and 
running its entire length, fr#m which the air is conducted to the 
chamber below the retort, and, meeting the gas in the combus¬ 
tion chamber, burns upwards through the flues. It is claimed 
that this construction gives a uniform distribution of heat 
throughout the setting, and also allows the brickwork to be 
inspected easily in every part. The regenerators are of the 
Siemens type, and are reversed every thirty minutes. The 
products of combustion ascend through the vertical flues to a 
horizontal fine above, and after passing down and through the 
regenerator are led off to the cliinmcy stack. 

The arrangements for coal handling are of the usual type. 
The trucks drop the coal into a store, from which the elevators 
feed a large bin over the chambers. Between the store bin and 
tfie chamber a space is left, in which a long trough or bin runs 
on a track and is fitted with eight feed spouts in the bottom. 
The trough having been filled from the bin it is run by an electric 
motor over the chamber to be charged, and the charge is shot 
in through holes in the crown of the oven. If very dense coke 
is required, it can be obtriined by compressing the coal into a 
sheet iron naSild a httle smaller than the retort, and pushing it 
in by means of a ram through the oven doors. 

When carbonisation is completed the oven doors are raised, 
and the coke, weighing about six tons, is pressed out by a movable 
ram on to a tilting platform, by which, after quenching with 
water, it is fed into trucks. 

Each chamber is connected at tin; top with two mains which 
ruii the entire length of the bench, one being at each end of the 
chamber, and during the carbonisation the rich gas given off 
during the first period is run off by the “ rich gas ” main, whilst 
that from the latter period is taken by the “ poor gas ” main. 
Both fractions of gas undergo the same sequence of treatment 
as regards cooling, ty, and ammonia extraction, but after that 
point the ijch gas is purified and goes to the holder for (hstribu- 
tion, whilst the poor gas passes out into the benzol scrubber, 
whe»e the benzol is extracted^by tar oil, and the gas returned for 
copibustion in the carbonising plant. 
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The actual working results at Everett Ur Sclmiewind gives 
as follows ; — 


IVr Ton. 


llluminants 

Eicli ^as /or 
(bstriinition. 
|8 cubic feut 

5 -(» 

I'oor R.IS lor ... . 

boating oven'!. 

55O0 cubic Jeet. 10,080 

2.5 

Methane . 

374 

29.2 

Hydrogen . 

44-3 

31.8 

Carbon monoxide 

6.2 

. 3.0 

Carbon dioxide . 

2.9 

2.0 

Oxygen . 

o.lf 

0.4 

Nitrogen . 

4-1 

9.1 

Calorific value, B.Th.U. 

707.8 

5 T 5-0 

Candle-power 

17.4 

8.0, CO2 free 

The distribution of the 

lieat of the original coal amongst the 


products is given as follows ; - 


100 lbs. of dry coal yickl— 

71.13 lbs. of coke 
3.38 lbs. of tar . . . . 

229 cubic feet of rich gas 
234 cubic feet of poor gas . 
Ammonia liquor, sulphur and loss 
100 lbs. dry coal contain B.Th.U. . 


li.Th TJ. 
])cr lb 

Total 
calorific . 
value. 

Ter 

cent. 

12,645 

899,456 

72.3 

12,210 

.31410 

4-1 

086 

137.3<'4 

12.7 

567 

132.835 

19 7 


2,496 

0.2 


1,243,700 , 


So that the carbonisation of the coal is carried out with an 
expenditure of only 10.7 per cent, of the heat value of the coal, 
which is equal to the best continuous vertical retort practice, 
and considering that the carbonising period is twenty-nine to 
thirty-four hours is a wonderful result. 

The coal used at Everett was Dominion coal, which is a 
very good gas coal. 

Since 1901 many plants of tliis character have been erected 
in America, the period of carbonising has been reduced to about 
twenty-four hours, and the system may be looked upon as 
firmly established in American practice, It is interesting, 
therefore, to examine from an impartial point of view the 
differences between the American coke oven processes and the 
Continental gas chamber processes, and why it is that there 
seems to be no burning anxiety at present to adopt either in 
England. 

There is nothing more interesting to the outside observer 
than to watch the attitude taken by those controlling the 
destinies of our great industrial manufactures towards® new 
ideas, Snd the desire they show ‘to cling to the letter of the 
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methods which in the past have led to success, forgetting that 
outside circumstances influence the laws of supply and demand 
quite independently of their methods of procedure. 

From the first inception of the recovery oven in England its 
history has been one of si niggle against prejudice. All the time 
it consumed its own gas it had to fight the consumers of furnace 
coke, who alleged its produce was inferior to beeliive coke, and 
now that the iron-founder has wearied of pa5nng extra for his 
pet fuel and admits that recovery oven coke is every whit as 
good (ft a bit belter, the trouble arises that the recovery oven 
““•plant has been so improved that one-half the gas suffices to do 
the carbonising work, and»the more conservative members of 
• the gas industry are obsessed with the fear that it may become 
a rival, and that the gas-managers’ by-jiroduct market may be 
injuriously affected, a feeling which makes it difficult for the 
recoeery oven ad\(icates to get an impartial judgment formed 
on their claims. 

Taking lirst the differences between chamber carbonisation 
and the by-product recovery gas oven, we find that from con¬ 
siderations of economy, due to dealing with large bulks of 
material, the chamber gas-maker and the coke oven manager 
have both come to what is to all intents and purposes the same 
form of apparatus, worked under the same conditions of tem¬ 
perature and for the same time, and the whole difference between 
the two is that the gas man.iger, with his mind fixed on making 
the largest volume of gas, collects and distributes the whole of 
it, buftiing part of his coke in outside producers to obtain the 
heat in his setting, whilst the coke, oven manager is bent on the 
largest yield of coke, and so obtains the necessary temperature 
by burning the poor coal gas that is evolved during the second 
half of till period of carbonisation, a procedure which, when a 
high candle-power gas and metallurgical coke are the desired 
products, is undoubtedly right, but which, I think, is wrong 
when fourteen candle-gas and domestic fuel are the things we 
need. I have made my opinion already as to the chamber 
carbonisation for the jmrposc clear—if it ever is to succeed in 
England, it will be only after enactments as to candle-power 
hjve been swept away. 

By far the best statement of the claims of the by-product 
recovery gas oven as a process for the manufacture of illumin¬ 
ating gas was made by Ernest Bury, in his paper before the 
Institution of Gas Engineers in 1907, the great value of the, 
paper depending largely on the absolutely fair way in which 
he states Die drawbacks as well as the advantages of carbonisa¬ 
tion in bulk. From his long experience in coke oven management 
and* his scientific knowleiige, he is probably belter fitted to 
speak than any authority in England,* and he freely admits that 
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the by-product coking chamber, from its method of construc¬ 
tion, from the large end doors wliich can be made only partially 
tight by luting, and from the Icngtli of the period of carbonisa¬ 
tion, is more liable to serious leakage both of gas outwards and 
air inwards than any other system. Also, that the high tempera¬ 
ture in the to]) of the chamber, which is always above {hat of 
a gas retort, and the abnormally high temperature at the time 
when the charge is fed in, are all facts that at first sight appear 
to condemn the chamber and oven processes as methods for 
making gas as conijiared with the gas retort, but that tn spite 
of these drawliacks the economies are so great that the cost of' 
a 540 B.Th.l'. gas at the, ])it head would amount to only 46. 
to ^d. per thousand cubic feel, or less than half the cost at our', 
big London works. 

I agree entirely with Mr Bury that if tlie gas supply of the 
country could be made at the pit’s head, and the gas supplied 
under pressure through trunk mains, large economies would be 
possible, but it is the coke side of the question that seems to me 
to be the insuperable objection. In America the by-product 
oven is a success Ix'cause long ago they had the sense to aioolish 
bituminous coal as a domestic fuel, and it is high-jiriced anthra¬ 
cite and not chea]) bituminous coal that the coke has to compete 
with, and as metallurgical coke is a fuel that answers perfectly 
in the closed anthracite stoves, it follows naturally that the 
domestic fuel market is open to it. In Phigland, howeve'r, 
with our open fire grates, often with hardly enough draught to 
burn bituminous coal, and needing an easily ignited arid free 
burning fuel, such coke wotild have no chance of success. 
This so alters the whole position that one has to admit that 
carbonisation in bulk can succeed only in those districts where 
metallurgical coke is a necessity. 



CHAPTER V 


THE CONDITIONS EXISTING IN THE DESTRUCTIVE 
DISTILLATION OE COAL 

/aporlsation -Tlie olfcct of temperature on matter—^Destructive dis¬ 
tillation--Heat of formation—Exothermic and endothermic com¬ 
pounds—The work of Eucnene on the heat of formation of coal— 
Mahler’s Ueterminaiions—Kesearclies of Constam and Kolbc on the 
ealorihe value ol coals and their distillation products—Specific heat 
—Heat used in the distillation ,of coal—Economics jiossible—Rate 
of conduction of heat through walls of retort—^Temperature of car¬ 
bonisation —Itatio ol heating surface to weight of charge—Coefheient 
of conductivity of fireclay—High and low temperature carbonisation 
—Hassago of heat in vertical retorts, chambers, and transmission of 
lieat through ordinary charge in horizontal retorts and through 
fiflly charged horizontal retorts —The improvements obtained by 
using lully charged horizontal retorts—'The theories of the cause 
of the improvement as stated by Hueb, Ste Claire Deville and others— 
Temperature of charge in Dessau retort—Effect of the size of coal 
on the escape of the gases—Fracture of coke from horizontal retorts 
and coke ovens—^The swelling of coal—Temperature of gas from 
mouthiiiece of an intermitfent vertical retort—Effect of pressure 
or. the gases given on distillation—Size of coal an important factor 
in^sec.uring uniformity of gas—Auto-carburetting—Blass’ experiments. 


All solids and liquids which do not decompose below their 
boiling point can be converted by the action of heat into vapours. 
Tliis is doni^dent upon the fact that all substances are built 
up of extremely minute particles, which arc termed “ molecules,” 
and which on heating repel each other. 

If we take a bar of zinc at the ordinary air temperature and 
carefully determine its size, and then heat it, we find that the 
action of heat is to cause it to increase in bulk, this increase pro¬ 
ceeding at a definite rate until we have raised the temperature 
to 423 C. (793° F.), when it becomes liquid. If, now, the liquid 
be further heated, it will be found to still continue to expand 
until a temperature of 1040° C. (1904° F.) is reached, when it 
boils hke water, and is converted into the gaseous state. 

During tliis alteration in volume and final conversion intc 
vapour the work which the heat is doing in spacing asunder the 
particles is, in the first place, to reduce the force of cohesion 
.which in the solid state holds them rigidly together, and so tc 
endow them with the mobiUty of the Uquid state; whilst the 
still greater spacing apart that takgs place when the,liquid is 
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heated to its boiling point entirely does away with cohesion, 
and each particle is free to move independently, and gives us 
the vaporous or gaseous condition. 

If, now, the heat which has performed this inter-molecular 
work is again absorbed from the gas or vapour, the latter con¬ 
denses to the liquid state, and with a further removal of heat 
from the liquid the solid is once more produced. 

An action of this character, in wliich, merely by the aid of 
heat, a solid or liquid is converted into a vapour, which can be 
condensed by cooling again to the original substance, i^ called 
one of “ distillation.” If the body which is distilled deconu— 
poses at the tem])eraturc necessary to convert it into gaseous 
matter, so that the products cannot be again condensed into 
the original substance, it is termed “ destructive distillation.”' 
The effect of heat upon coal is to decompo.se it into the sohds 
which remain behind in the retort, the liquids which condense 
in the hydraulic main, and the gaseous products. 

In considering the actions taking place during tlic destruc¬ 
tive distillation ot coal we are met at the outset by the difficulty 
that little or nothing is known as to the heat of formation 
of coal. 

When two substances combine together under ordinary con¬ 
ditions heat is evolved, and the compound is called ” exo¬ 
thermic,” and when this compound is again broken up, as much 
heat has to be poured into it as heat or in some other form «.f 
energy as was given out during its formation. A few bodies 
are known, acetylene being one of them, which, instead of<giving 
out, absorb heat during formation. These bodies are called 
“ endothermic” ; and when once decomposition has started the 
heat of formation is again given out, mid in many cases adds 
to the rapidity of decomposition. , 

Now, it is well known that some hydrocarbons arc, like 
acetylene, of an endothermic character, and coal itself has 
been suspected of possessing this property. 

Amongst the bodies formed by the destructive distillation 
of coal, some liberate heat in their formation whilst others 
absorb it. These bodies may be tabulated as follows :— 


BoDIliS FOUMED WITH LIBERATION OF HeAT 
(exothermic) 


Carbon dioxide 
Carbon monoxide . 
Methane 
Water . 

Sulphuretted hydrogen 
Aumonia gas . 


B.Th.U. per lb. 

-f 14,646 

• + 3.223 

-t- 2,417 

. . -f- 6i,ioo 

• + 243 

. -f 1,290 
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Bodies fokmed with Ahsokption of Heat 
(endothermic) 


Benzene 


B.ni.U. per lb. 

. - 107 

Ethylene 


• - 797 

Carbon disulphide 


• - 739 

Cyanogen . 


• - 2374 

Tar vapour . 


• - 540 


The’determination ol the Iieat of formation of a body like 
coal is one frauglit with the greatest difliculty, for it is evident 
that, as the composition of cJ)al in a mine will vary not only in 
^different seams but even in the same seam, there is no definite 
composition, and tliat nothing can be known as to the heat of 
formation except by direct determination, which necessitates 
experimental estimations of so complicated a nature that the 
introductions of error is extremely likely to vitiate the results. 

Probably the most valuable work done in this direction is 
to be fjund in a report jiresented by M. Euchene, on the thermic 
reactions which occur during the distillation of coal, published 
in the Transactions of the International Gas Congress in Paris, 
1900, in which he determines the thermo-chcmici data coming 
into play during the distillation of coal in the manufacture of 
gaj; with careful estimations of the heat of formation of the 
products of the distillation as compared with the heat developed 
by the fuel needed lor the distillation ; that is to say, a balance 
is strucK, showing on the one side the heat generated and on the 
other the heat expended, the difference found representing the 
heat of the decomposition of coal. 

M. Euchenj has determined in this way the heat liberated 
during the distillation of three types of coal, these results show¬ 
ing in a striking way that the heat liberated increases in nearly 
regular ratio with the amount of volatile matter in the coal, and 
that the more oxygen the coal contains the more endothermic 
its reaction, a fact which points clearly to its being the oxygen¬ 
bearing compounds in the coal which give it its endothermic 
character. 

AI. Euchene in liis e.xperiments obtained results which may 
be tabulated as follows :— 


Moistui^.! Ash. 1 

j 

Carbon. 

: Hydrogen. 

1 

Oxygen. 

Volatile 

matter. 

Heat ol forma -1 « r-u tr 
Uon Calories. 

1 ! 

2.70 1 7 -o£ 

77'56 j 

4-79 

5.94 

25.99 

-fl2.3q 22.3 

3.31 ; 7.21 

76.00 

478 

6.82 

28.30 

-1-35.98 1 64.7 

4.311, 8.18 

72.08 

4-78 

8.73 

32.17 

-^63.51 114.3 

1 




1 • 

1 • 
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At an earlier date, 1893, Mahler determined the calorific 
effects of distilling a coal of the same composition as the one 
from which Euchenc obtained 63.51 calorics (114.3 B.Th.U.), 
and did so by experimentally, determining in his bomb the heat 
value of the coal and of all the products of distillation, and found 
that the former exceeded the latter by 254.8 calorie*.' (458.7 
B.Th.U.). It is quite clear, however, that in the determination 
of a factor of this kind, which is dependent upon the difference 
between two figures obtained from a liighly complicated set 
of determinations, each with its own source of erroriand all 
tending in the same direction, these will be borne by tlrr 
resultant, and it is not surprising,,therefore, to find that with a 
coal of the same type these two observers found a substantial 
difference. 

In Mahler’s work the resultant was arrived at by deducting 
the heat of combustion of the products from the heat of com¬ 
bustion of the coal, whilst Euchene’s determinations were ob¬ 
tained by taking the difference between the heat supi)lied and 
the heat consumed during distillation, so that the difference 
between these two would be likely to be increased by errors 
leading in opposite directions. 

More recently, in 1909, C'onstam and Kolbe made a very able 
research upon the carbonisation of typical English coals, and 
determinerl their calorific value and also the calorific value of 
their distillation products, and found that the value of the (i)al 
exceeded the heat value of the products to the extent shown in 
the following table, in which the heat balance of the prcAlucts of 
distillation of the ash-free and dry coal is given in percentages 
of the heat value of the coal substance 


i Heat found ^n- 

__ 

Los.s 

Description of coal. - 




of 

Coke. 

(»as 

Tar. 

i’ltrli. 

Heat. 

I. Nottingham, bright coal 61.3 

22.7 

8.4 

l.O 

6.0 

11 . Lancashire, Trencherbone 61.7 

22.8 

II.O 

1-4 

.i-i 

III. Nottingham, best hard . 64.1 

20.2 

lO.O 

1-.1 

4.4 

IV. Kinneil . 62.9 

22.0 

95 

2.1 

35 

V. Durham, Low Main Seam 63.7 

20.6 

9 3 

2.2 

4.0 

VI. „ Hutton . . 65.3 

22.1 

7-7 

2.0 

2.9 

VII. Yorkshire, Barnsley . ; 70.4 

18.3 

6.9 

1.9 

2-5 

VIII. Durham, Ballarat . 73.6 

18.6 

2..5 

1-7 

3-6 

IX. Welsh, Nixon's Navigation 76.7 

16.9 

2.9 

■ 1.4 

2.1 


This shows, as in the other determinations giveil, that when 
we get down to a steam coal, i.e. a coal poor in volatile yiatter 
and oxygen, its calorific value ‘approaches more nearly that 





DESTRUCTIVE DISTILLATION OF COAL 91 


obtained by calculation or by determination of the heat present 
in the products. 

If we now take the Low Main, Barnsley, and Hutton seam 
coals and calculate what the loss of heat shown in the table 
amounts to per lb. of ash- and water-free coal we obtain the 
following results 


Low Main 

Barrjjiley 

Hutton 


li.Th.U. per 111. 

■ 1 , 5.393 

14.792 
15,769 


Loss per cent. 

4 

2.5 

2-9 


R'lTi.U. 

615.68 

369.80 

457-21 


And the average of these results would be 480.9 B.Th.U. per 
pound. If we take this as due to the endothermicity of the coal, 
the figure agrees fairly well with Mahler’s determination. 

The evidence with regard to the endothermic character of 
coal is not of a very satisfactory nature, and I think that the 
strongest proof that it probabty is endothermic when the coal 
contains a large proportion of humus body is that cellulose, 
lignoset and jieat undoubtedly show an evolution of heat during 
their decomposition, this being due to the rearrangement of the 
oxygen present, with formation of highly exothermic compounds, 
as was shown by Ramsay and Chorley’s researches upon the 
decomposition of wood and cellulose, to which reference is made 
later on. 

When a coal is carbonised it decomposes into gases and 
vapour*, leaving behind in the retort the solid coke, and heat is 
used up in the decomposition, in the change from the solid to 
the gaseous form, and in raising the gases and vapours to the 
temperature of the retort. 

The amoniV; of heat needed to raise a unit weight of any form 
of matter through one degree is called its specific heat, but the 
specific heat of gases often is found to vary considerably as the 
temperature rises, so that it is impossible to say from the specific 
heat of a gas taken under ordinary conditions what its specific 
heat will be at high temperatures. 

Mallard and Le Chatclier made a number of experiments 
upon this point, from which the table given on page 92 was 
deduced by Euchenc. 
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B.Th.U. NEEDED TO RAISE OnE CuBIC FOOT OF 
Gas to given Temperature 


Nitrogen . . 1 

Oxygen . . I 

Hydrogen . . | 

Carbon monoxide . J 
Steam . 

Carbon dioxide 
Methane 
Snljihur dioxide 
Benzene 
Cyanogen 

Carbon disulphide . 
Sulphuretted hydrogen 
Ammonia 
Tar 


rojso*' C. 

075 ' c. 

Soo^ 0 . 

C. 

1022 ® F. 

IjHf F, 

1 ,7^° 1 '. 

1202 ® F. 

38.8 

36.0 

29.2 

33.6* 

113.6 

108.4 

96.4 

86.8 

68.8 

62.4 

48 

37-2 

102.8 



45-3 

() 7.6 

83.0 

71.0 




145-6 




44.0 




761.4 per lb. 


Of these temperatures 630“ C. (1202° h'.) is the important one, 
as tliis may be taken as the temperature of the gas in thd retort. 

For each i lb. of coal decomposed in the retort the heat 
used up in the decomposition and distillation amounts to 462 
B.Th.U. over and above the heat due to endothermic reactions. 
The heat withdrawn from the retort by the hot gas and vapours 
amounts to 324 B.Th.U., and the heat in the red-hot coke wHen 
it is drawn accounts for another 442 B.Th.U., so that the heat 
that has to be actually supplied for the carbonisation 462+ 
324-1-442--1228 B.Tli.'lJ. 

The losses in the setting, however, exceed this, and in an 
ordinary horizontal bench would be 1463 B.Th.U. escaping 
with the flue gases, 398 B.Th.U. lost to the aft- by radiation 
and convection, and 35 B.Th.U. in the ash, making in all 
1884 B.Th.U. 

The thermal value of the reactions in the retort will remain 
the same whether the distillation be carried out in a horizontal, 
vertical, or inclined retort, in a coke oven or a chamber, and it 
is chiefly in the setting that the economies have been made 
which reduced the carbonising fuel to the figures attained in 
modern practice. 

In the horizontal retort setting quoted above the total heat 
used would be 1228-f 1884=3112. Now, i lb. of gas coke gives 
an average of 14,200 B.Th.U. in its combustion, so it would give 
enough heat to carbonise 4.5 lbs. of coal, or, in other words, 
the coal would require 21.9 per cent, of ^ts weight, of coke to 
carbonise it, whilst if the whole of the heat of combustion 
could be used in the retort 8.6 per cent, would be sufficient. 

A <air idea of the *economi6s that are possible can be 
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Used in retort 


Lost in setting 


/: 


obtained by stating the heat used in the setting and retort in 
percentages:— 

B.Th.U. Per cent, 
per lb, ol heat used. 

Decomposition and dis¬ 
tillation . . 462 

2. Escaping in gas and 

vapours . . 324 

Ig. In hot coke . . 442 

11. Fluegases . . . 1463 

12. Radiation and convec¬ 
tion , . . .398 

Ash .... 23 



So that 39.3 per cent, of the heat is used in the retort and 60.7 
in the setting, the item which overshadows all others being the 
47.2 per cent, which escapes up the chimney in the hot flue gases. 

It is evident that the first step towards economy is to be 
found in a better utilisation of the heat in the setting, so as to 
abstraejt as far as possible the heat from the products of com¬ 
bustion, and this is done by regeneration, which reduces the flue 
gases by over 300° C. (572° F.) in temperature, and brings down 
the loss due to this item from 47.2 to 23.2 per cent., whilst feed¬ 
ing the producers with red-hot coke from the retorts effects a 
fujther economy, with the result that the fuel used falls from 
21.9 to 14.8 per cent, and even lower. 

Un(|er these conditions the percentage of heat used in doing 
the work of carbonisation would be largely increased, and the 
chart would be as follows ;— 


Used in retort* 


Lost in setting 


1. Decomposition and distilla¬ 

tion . . . . 

2. Escaping in gas vapours 

3. In hot coke .... 

1. Flue gases . . . . 

2. Radiation and eonvection 

3. Ash . . 


21.4 

13.8 

18.9 
25.2' 

19.9 
0.8 


. 54-1 

45.9 


So that over one-half the heat is utihsed in work. 

,In the Glover-West vertical retort a still further reduction 
in the fuel used is obtained by cooling the coke in a chamber at 
the bottom of the retort, and utilising the heat to raise the 
temperature of the secondary air supply, this bringing the fuel 
consumption down to 10.4 per cent. 

Mr. D. D. Barnuyr read a paper before the New England 
Gas Associiition on the “ Thermic considerations of a retort 
furnace,” in which he gives a balance-sheet for a bench of six 
retorts, and in which 17 lbs. of coke were used as fuel per 100 lbs. 
of coal carbonised. The restflts of hi9 tests were:— * 
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Expended 

Heat from coke 


B.Th.U. 

215,623 


Heat of formation (plus) 


37,992 


Total 


253,615, 


accounted for as follows :— 

B.Th.U. 

Per cent. Per cent. 

Carried up chimney as gases 

38,855 

. 35 - 0 ) 

47.6 

,, ,, water vapour 

31,943 

12.6) , 

Lost in ashes 


nil 


Carried off by gas . 

15,503 

6.11 


., tar . . .* 

4,070 

1.6 

9.2 

,, ,, water 

3.759 

i-sj 

• 

Radiation and convection 

20,931 

8.3 


Hot coke .... 

33,708 

13-3 


Heat of formation . 

3,267 

1-3 


Balance .... 

51,579 

20.3 



The net heat of decomposition would he 51,579-37,992 
+3267=16,854 B.Tli.U., or 0.6 per cent.; and this is the Jieat 
of decomposition furnished by the coke in the furnace' over and 
above the heat of formation furnished by the coal in the retort. 
It will be seen that the percentages of heat used and lost do not 
differ very widely from the figures already given. 

In the days of the old iron retort there was no trouble a,s*to 
the rate at which heat could be poured by conduction through 
the walls of the retort and into the charge, but when the*fireclay 
retort took its place, the introduction of a two to three-inch 
wall of a material having only about one-tenth the conducting 
power of the iron seemed at first a serious difficulty. It was 
soon found, however, that the slow conductivity of the mass 
made it an effective storage material lor the heat, and that when, 
in properly constructed settings, the flues and brickwork sur¬ 
rounding the retort had attained their maximum temperature 
they provided a reserve of heat which not only neutralised the 
slow conductivity of the mass but also helped to level up the 
rate at which the heat was supplied to the retort. 

The conduction of heat through a substance like the wallj of 
a fireclay retort is a determination fraught with many troubles, 
as the conditions existing ini a, retort heated in a bench are 
totally different from those that can be obtained in making ex¬ 
perimental determinations in a laboratory. In any calorimetric 
determination the one side of the test piece is continuously cooled 
by the calorimeter, whilst the heat poured into thg other side 
is very different in effect to the mass of heated material existing 
in the flues surrounding the working retort. • 

ThS rate at which h*at is trffiismitted under working con* 
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ditions depends upon the degree of heat in the flue and outer 
walls of the retort, the higher the temperature the more rapid 
being the transmission, whilst the difference between the tempera¬ 
ture of the outer and inner skin of the retort is a factor of the 
greates^ importance. The greater the difference, i.e. the cooler 
the inner skin and the mass in contact with it and the hotter the 
outer skin in the flue, the more rapidly will the heat pass. Again, 
the rapidity of transmission varies with the character of the 
fireclay, with its porosity, and with the temperature and length 
of time tor which it has been baked ; so that it is impossible to 
give any definite figure as to the rate of eonductivity or trans¬ 
mission which shall hold g»od in all cases. Determinations 
based upon the rate of transmission at comparatively low 
temperatures may be discarded at once as valueless; but Dr. G. 
Boilby determined the conducting power of firebrick, and came 
to the conclusion that one square foot of firebrick, one inch 
thick, passed 6.59 centigrade pound units, or 11.86 B.Th.U., 
per hour for each degree centigrade of difference between the 
sides of the brick, when these differences were of the magni¬ 
tude of 200°-300° C. (392°-572° F.). 

My own opinion is that at the ordinary working temperature 
of a retort under gasworks conditions the amount of heat trans¬ 
mitted approximates to 23 B.Th.U. per square foot of surface 
for each 1° C. difference in the temperature of the outer and 
infler surface of the retort, and that this is not seriously affected 
by the thickness of the fireclay, as conduction is so slow with a 
retort finches thick that it is probably only the internal portion 
that is cooled to any great degree when a fresh charge is fed into 
a properly heated retort, and the mass of fireclay acts as a store 
of heat, so that the heat has only a short travel. 

In a honzflntal retort ready for charging the temperature 
of the inner walls will approximate to 1000° C. (1832° F.), and 
the flue temperature to 1100° C. (2012° F.), and the fireclay 
walls of the retort will conduct the heat at a rate which ap¬ 
proaches to 25 B.Th.U. per square foot per hour for each degree 
centigrade difference in the two surfaces, so that during the first 
two hours, when the average temperature of the inner side of 
th% retort walls, cooled by the charge and by the retort having 
been opened, will not be more than 800° C. {1472° F.), the amount 
of heat passing through the walls into the charge will be— 

25 X(iioo— 8 oo)= 75 oo B.Th.U. per square foot of surface, 
whilst by the fifth hour, when the inner side of the wall of the 
retort has risen to 95®° C. (1724° F.), the amount passing will 

, 25x(iioo-95o)=375o B.Th.U., 

or only half the amount passing in the oarlier period, the average 
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being approximately 5625 B.Th.U. per hour ; which, taking the 
heat units needed for tlic actions taking place in the retort as 
1228 B.Th.U. per lb., gives a carbonising value lor a six-hour 
charge of twelve tons per 1000 square feet of retort surface. 

There is no doubt as to the fact that the heat traijismittcd 
by the walls of the retort rapidly falls as the interior heat rises, 
so that through the whole period of carbonisation the rate of 
transmission diminishes, whilst the temperature of the charge 
increases. 

Euchene determined experimentally the proportioli of the 
total heat transmitted by the walls of the retort during a four- 
hour charge, with the following result;— 


1st hour 

. 43.8 per cent. 

2nd ,, 

. 20.6 ,, 

3rd „ 

. 18.7 

4th „ 

. 16.9 


100.0 „ 


The ratio of heating surface to weight of charge is one of the 
most important factors in determining not only the rate of 
carbonisation, but also the composition of the gas. Where large 
volume and high illuminating power arc the desiderata, as has 
been the case in the past, large heating surface, small charges, 
and quick carbonisation have yielded tlie best results, and the 
horizontal retort, as shown by the foregoing calculation, has 
given a carbonising duty of twelve tons per 1000 square feet of 
surface for six-hour charges, a figure which is a little below that 
given by Mr Bond in his 1905 paper before the Institution of 
Gas Engineers, who gives 2.13 tons per 1000 square feet per 
hour. But directly the size of the charge is iiiA-eased and the 
ratio of surface decreased, the amount carbonised per hour falls 
so rapidly that, as Mr Bury has shown, in a coke oven using the 
same coal the duty is only 0.55 tons per 1000 square feet per' 
hour. 

It is clear that there arc several factors bringing about this 
result. In the first place, with the horizontal retort a large 
proportion of the heating surface is in the bottom of the reUirt, 
and side heat is reduced to a minimum, so that convection aids 
conduction, and the thin layer of coal is carbonised in the 
quickest possible time. In the coke oven the conditions are 
reversed, and the whole of the heat has to be laboriously con¬ 
ducted into the charge through tliick majses of non-conducting 
material, and the same applies to the smaller clvirge in the 
intermittent vertical retort, to, of course, a less extent, so that 
on theoretical grounds they should carbonise a less weight of 
coal ptr 1000 square feel*' than tlife horizontal does. 
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Another important factor acting in the same direction is the 
influence of the heat of tlie wall of the retort on the rate at which 
the heat can be poured into the charge from the flues. The 
larger the. charge the longer has to be the period of carbonisation, 
and the longer the periocl of carbonisation the greater the period 
over wnich the tein])eratures of the two sides of the retort walls 
are within a few degrees of each other and the minimum of heat 
is passing. In an intermittent vertical retort, the charge takes 
twelve hours to work off, and during the first period the maxi¬ 
mum aiAount of heal is passing, whilst after the fifth hour this is 
reduced, and by the seventh hour probably reaches a minimum:— 

1st hour—25 X (1100 - 800) =?75oo B.Th.U. per square foot. 

^nd ,, —25 X (1100-950) =3750 ,, „ 

7th ,, — 25 x(iioo-iooo)= 23 oo ,, ,, 

In the continuous vertical retort, on the other hand, the 
constant passage in of the cold charge keeps up the difference in 
temperature of the two sides of the walls of the retort and allows 
a maximum passage of heat, so that although there is no direct 
bottonf heat to help the rate of carbonisation, the time is brought 
down to within an hour of the horizontal. 

Wologdine has determined the conductivity of refractory 
materials in connection with their porosity and permeability, 
and comes to the conclusion that the heat conductivity of bodies 
lilfe fireclay depends not only on the quantity of contained air, 
that is, their porosity, but also on the degree of isolation of the 
gas so Contained, that is, on the permeability of the material to 
gases. 

As a general rule it may be taken that the higher the 
temperature at which the refractory clay has been burnt the 
smaller is it'- porositv and the better its conductivity. Some 
cases, liowever, occur, as with silica bricks, in which the porosity 
is but little affected by the temperature of burning, and in these 
cases the conductivity is also but little altered. 

With ordinary fireclay burnt at 1922° K. (1050° C.) the co¬ 
efficient of conductivity is 1.07, which is increased to 1.81 when 
the fireclay is burnt at 2372° F. (1300° C.). This explains why 
an^ld retort, as long as it is sound, will give better carbonising 
results than a new one. 

It has become the custom to speak of the temperature of 
carbonisation being high merely because the temperatures in 
the flues and in contact with the walls of the retort are high, 
pd to speak of the products of high temperature distillation as 
if the coal jjad been carbonised at the temperature existing on 
the retort surface. 

It,,is quite clear, however, that, coal being a bad conductor 
of heat and coke a worse one, it is oijly the layer of pibbably 
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less than an inch thick that is carbonised at anything like the 
retort temperature, and that the remainder of the charge is 
distilled at a slowly rising temperature, which attains its maxi¬ 
mum only after the volatile products have been practically all 
driven off. 

The real distinction between high heats and lower flue 
temperature is that the higher the temperature employed the 
thicker and hotter will be the layers of coke which the gases and 
vapours have to traverse in their escape from the inner portions 
of the charge, and the greater will be their c.xposure to radiant 
heat and contact with the highly heated surfaces of the retort 
in their outward passage from thei carbonising mass. The pro¬ 
ducts of the primary action are, in fact, being subjected tc 
secondary decomposition under conditions we neither blow nor 
can control ; and this is one of the weakest points in our methods 
of carbonising for the production of illuminating gas. 

We make elaborate tables of the composition of gases and 
tars produced at various distillation temjxiratures, but the only 
information that they give us is what is left undecomposed 
under unknown and varying conditions, the only certain factors 
being that the heat was nowhere above that which we are 
pleased to call the temperature of distillation. 

It is evident that it these variations exist in the temperature 
at which the coal is distilling in the comparatively small charge 
in the gas retort, they must be accentuated when one comes' to 
deal with carbonisation in bulk as practised in oven and chamber 
settings, as not only is the travel of the gases and 'vapours 
through the red hot coke much longer, but the rate at which 
the heat is conducted through the carbonising mass becomes 
slower as the bulk of the charge increases, wliilst the tempera¬ 
ture in the crown of the oven during the first ha.f of the time is 
higher than is found in the gas retort. This also applies to the 
temperature in the top layers of the coke. 

If the coal is carbonised in a 6-inch diameter tube filled so 
that the heat shall be penetrating from every side, there is an 
almost immediate rise in temperature throughout the mass, 
owing to the hot gases and vapours passing through the 
interstices between the pieces of coal, and the coke attain^ its 
maximum temperature at the rate of about one inch per hour, 
so that in three hours, with a wall temperature of 1000° C. 
(1832° F.), the centre of the mass would be at about 950 °C. 
(1742° F.j, and the carbonisation would be finished. If, how¬ 
ever, the tube be increased to 12 inches in diameter the rate of 
conduction is reduced to 0.5 inch per hour (and th.Q same thing 
takes place vrith a flat chamber retort heated from the sides), 
so that it would take about twelve hours to complete the «irbon- 
isatio'u; whilst with furtiher increase in the width of the chamber 
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the rate of travel of the heat grows still less, the passage of the 
heat being still slower as the distance between the walls of the 
chamber gets greater. 

The result of this is that in by-product recovery coke ovens 
and lajgc chamber retorts the period of carbonisation becomes 
very long, and the gas has to pass through so much hot coke that 
the illuminating power is reduced to from nine to ten candles. 

These rates of passage of heat apply only to vertical retorts 
or chaijabers the sides of which are heated, as bottom heat 
penetrates the mass rather more quickly, owing to convection 
coming to the aid of conduction, and the upward flow of heated 
gases raising the temperatur? in advance of the conducted heat. 
* Moreover, the rate at which the heat travels in the carbon¬ 
ising mass depends to a great extent on the initial temperature 
employed, the figures given being attained only when the flues 
and outer walls of the retort or chamber are heated to about 
1100° C. (2012° h'.). If the flue temperature is lowered the 
transmission of heat becomes slower, and a longer period there¬ 
fore is,required for the complete carbonisation ; so that if in a 
6-inch tube with a wall temperature of 1000° C. (1832° F.) it 
takes three hours to complete carbonisation, it would take six 
hours to do the same work with a wall temperature of 500° C. 
(932° F.). Consequently, in making low temperature coke, 
sqch as coalite, in tubular retorts 5! to 01 inches diameter, it 
takes four hours to drive off two-thirds of the volatile matter 
that is jn the coal. 

The tem]rcrature of the coke or coal through which the gas 
and tar vapours have to pass, and the length of travel they have 
in reaching the exit from the retort or chamber in which carbon¬ 
isation is proceeding, are two of the most important factors in 
determining their dc( omposition, as it is these which give rise 
to the secondary reactions that largely determine the final 
composition of the gas and tar. 

Many attempts have been made to trace the passage of heat 
through the charge of coal in a retort, and Euchene, in the re¬ 
search already referred to, did so by placing Le Chatelier thermo¬ 
couples, one in the centre of the charge, and one in the space 
ab«vc it at 14 inches and 4 feet from the mouth of the retort, 
and from their indications prepared the following two diagrams. 

Valuable pyrometric observations on the temperatures 
existing in charges of varying size have also been made by 
Mr Bond, of Southport, and other observers, from whose work 
we can deduce the following results as typical. 

If an oipdinary O-shaped horizontal retort, 18 to 20 inches 
wide and 15 inches high, has a 6-inch charge fed into it, the space 
from the apex to the crown _of the top of the charge yill be 
9 inches deep. If now thermo-couplSs properly protected are 
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placed (i) at the Ixittoni of tlie duirge, (2) in the centre, and (3) 
at the top of the charge, we can gain a good idea of the way 
in whicli the heat is acting on the coal. 

With full heats the coal at the bottom of the retort rapidly 
heats up, and in fifteen minutes has reached 700“ C. (i2()2° h.), 
after which its rise in temperature slows down, and it takes two 
hours to reach 800° C. (1472° F.). After tliis it heats more rapidly 
and attains 1000° C. {1833° F.) at the end of four hours, and 
then there is practically no rise in the last two hours of carbon¬ 
isation. The temjx^rafure at the top of the charge rises more 
slowly, and by the end of the second hour is only 740° L. (1364° 
F.), or 60° cooler than the bottrtm, and remains at a lower 
temperature throughout the whole carbonisation. This is not* 
to be wondered at, ;is although the top flue of the setting is 
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1150° C. (2102“ F.), and the bottom flue barely 1100° C. (2012° 
F.), the coal at the top of the charge is being heated largely by 
radiant heat acting across a considerable space, whilst the bottom 
of the charge is in direct contact with the heated bottom of the 
retort, and is taking in heat by conduction. 

The thermo-couple in the centre of the charge throws most 
light upon the course the distillation is taking, and we discover 
that so great is the heating effect of the gases and vapours passing 
up from the hot zone at the bottom of the retort that at the end 
of the first hour the temperature is only 30° below that of the 
bottom, 730° C. (1346° F.), whilst in two hours it is at the same 
temperature, and then falls slightly below it for the rest of the 
time, the rush of hot gases from the bottom having ceased, and 
the temperature of the top of the charge equals th» centre only 
after the fourth hour. 

Nqw, the fact that differences in temperature are so* small 
throughout the mass, arid that during the whole of the period 
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when the bulk of the gas is being evolved the centre of the charge 
is hotter than the top, points to the gas forcing its way through 
the pasty mass of distilling coke upwards into the space below 
the crown of the retort, where it is baked by radiant heat from 
the mass of fireclay at 1050“ C. (1922° 1 *'.), and is in surface 
contact with the retort walls at 1050° ('. and the coke at from 
700° to 1000" C. (1292° to 1832° F.). 

The passage of the gas through the pasty coke causes con¬ 
siderable swelling during the first hours of distillation, and when 
the shrinkage in the charge of coke takes place during the last 
two hours, the upper portion, presumably carbonised by radiant 
heat from the top of the retort, shrinks over a smaller depth than 
the lower and larger portion^ so that when the charge comes to 
*be drawn, there is found to be a fissure running horizontally 
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Fic. 22A.—Rise of temperature diuiug curboDisation in centre of charge. 


between the upper and lower portions but nearer to the top, 
from which ertical cracks branch to the top and bottom of 
the charge. 

We aie at present dealing only with the thermal conditions 
existing during carbonisation, but when we come to study the 
more chemical side of the actions taking place, we shall see that 
such methods are the most brutal form of distillation—high 
heats and small charges certainly mean high makes of gas, but 
go* at the expense of all the other by-products, and bringing in 
their train all the troubles of stopped ascension pipes, carbon¬ 
ised retorts, mined tar, and poor coke. If, instead of using 
a 6-inch charge in such a retort, it be filled with coal as nearly 
as a horizontal retort can be filled, that is, to within two or three 
inches of the apex oi the crown of the retort, and the same 
temperatures as before are used in the setting, we approach to 
the same conditions that obtain in vertical retorts, which are 
entirfcly filled, and quite different results are obtained. 
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The improved results are by most observers ascribed to the 
doing away with the baking chamber above the charge, radiant 
and contact heat being credited with the formation of free carbon 
and naphthalene, which have been the chief curses that have 
accompanied the ndsing of temperatures with small charges to 
increase the gas volume obtained. : 

The determination of temperature, as before, in the charge 
show's that filling the retort does a great deal more than this, 
however. In the first place, in order to properly carbonise the 
charge, the heating has to continue from eight to twelye hours 
instead of six, and the heat is poured into the charge in a much 
more even manner, the rise in temperature at both toji and 
bottom being equal throughout the'^distillation, and with the top 
temperature always about 100° C. (212“ F.) more than the' 
bottom, truly reflecting the difference in temperature between 
the top and bottom flues of the setting. Owing to the thickness 
of the charge having been doubled the heat advances more 
slowly into the mass, rendering the coal semi-fluid and pasty in 
front of it, and so forming the whole centre of the charge into a 
tube through which a large proportion of the gas iinds Fs way 
down to the mouth of the retort without having been overheated 
in the crown. 

That this is the true explanation is .shown by tlie thermo¬ 
couple in the centre of the charge, which during the. first hours 
of the distillation rises slowly in temperature at about the same 
rate as the outer portion, but on a plane 500° C. (932° F.) below 
it, whilst after this period the central heat rises rapid'y> iind 
the same temperature as exists at the bottom of the charge is 
attained in the eighth hour. 

The gas is improved, because only a small portion has to run 
the gauntlet of overheating ; the tar is improved,(because a con¬ 
siderable proportion is made at a lower temireraturc ; the coke 
is improved, because in the earlier half of the distillation a good 
deal of tar has condensed in the cool zone, and as the tempera¬ 
ture rises the more volatile portions redistil, but the least volatile 
remain and get decomposed only in the last two hours of the 
carbonisation, which makes the coking slower, and is continued 
for a longer period. 

It must be clearly Ixirne in mind that the possibility of filKng 
a horizontal retort to within three inches of the crown, although 
suggested by Kunath in 1885, is a comparatively new condition, 
which could only be achieved by the introduction of discharging 
machinery that would push the charge of coke out of the retort, 
and that as long as we were dependent-upon hand labour to 
draw the charge, it was impossible. Now, however, the intro¬ 
duction of vertical settings allows a more complete filling of the 
retort Iry gravity, and easy discharge, so that the question V)f the 



DESTRUCTIVE DISTILLATION OF COAL 103 


route taken by the gas in its escape from the carbonising mass 
is receiving its full share of attention, and opinions on this 
subject are by no means unanimous. 

Dr Uueb, to whom we owe the inception of the Dessau 
vertical retorts, is strongly of opinion that the largest bulk of 
the esonping gas finds its way through a cool core in the same 
way that it undoubtedly docs in a well-filled horizontal retort. 

It is interesting to note, however, that this was not his original 
idea on the subject, as in his patent, applied for in July 1902, 
he says, “ The use of vertical retorts was tried and even practised 
in thi^ early days of gas manufacture, but was given up on 
account of the disadvantages it presented, one of the most serious 
of these being the poor quality of the gas obtained. In all such 
‘retorts the gas left the retort only at the upper part, usually 
through a side outlet, and the gas produced at the lower part of 
the retort had to pass thiough the whole of the column of 
incandescent material before it could escape, and consequently 
the highly valuable lighting and heating hydrocarbons first 
evolved were decomposed into hydrocarbons of less value, whilst 
a troublesome formation of graphite took place.” To avoid this 
trouble he luovides the vertical retort with ports or outlets at 
intervals throughout its length, so as to conduct the gas into a 
cool exterior duct by which it is led away. 

M. .Sainte-Claire Devillc, however, has pointed out that during 
the earlier periods of distillation in a vertical retort the bottom 
pressure is extremely high, but decreases as carbonisation pro¬ 
ceeds, from which he deduces the conclusion that the gas passes 
more easily through the coke than through the core of uncarbon¬ 
ised coal, and further, if the gas goes up the cool inner core, how 
is the heavy deposit of grapliite on the walls of the retort to be 
explained ? * 

When ai tae end of the carbonisation steam is introduced at 
the bottom of the retort one of its functions is to convert 
this graphitic deposit into water gas, so that it must manifestly 
pass up the wall of the retort. Mr W. R. Herring, however, 
in his experiments with fully charged inchnes, to a great 
extent corroborates Dr Bueb, in that the gas passes mostly 
up the cool core. 

•There arc still some observers who favour the theory that 
the major portion passes up the sides, whilst Dr Harold G. 
Colman and many others agree that, as the pasty area of the 
decomposing coal works its way inwards from the walls of the 
retort to the centre, gas escapes on both sides of it, so that a 
portion goes up the aentre and the remainder through the hot 
coke or up the walls of the retort. What proportions exist 
between the gas that takes the cool route and that which is 
forcell to pass through the hot.coke cannot be exactly detepnined. 
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and would vary with every kind of coal, but what we do know 
beyond doubt is that a large volume of the richest gas comes 
off from all coals when first heated, so that a large evolution 
of primary gas will be on the inside of the tube of semi-fused 
co.'d ; whilst another factor which would tend to make the gas 
take the inner route is that any passing back into the lut zone 
would be expanded by the temperature, whilst the still pasty 
coke would offer more resistance to the passage of the gas than 
the coal, so that pressui'e would be highest on the hot side and 
lower on the cool, the probabilities therefore being that-as long 
as the central passage is unimpeded the major portion of the gas 
passes up the centre. The analyses of the gas, however, all 
show that far too much cracking of the rich iiydroearbons has^ 
taken place. 

The temperatures in the centre of tli(' charge in a \-ertical 
retort of the Dessau pattern have been gi\'en as ; — 
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In all probability the tar-logging of the central core would 
become serious between the sixth and seventh hours. 

It is clear that the size of the coal in the centre (jf the charge 
must have a considerable influence on the length of time that 
the free way for the escape of gas will remain unchoked, a large 
quantity of smalls proving fatal to good candle power, by choking 
too rapidly. 

It must be remembered also that although large coal gives 
the greatest clearance space, it reduces the surface of coal 
exposed to the heat, which is an important factor in actions such 
as are taking place during destructive distillation, and that to 
obtain the best conditions of size of coal one must C6nsider how 
far the size can be reduced in order to increase the surface without 
too far, reducing the clearance. *■ 
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('learance 
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Bt'low this size clearance diminishes so rapidly that for the 
best results the central core should contain little if any coal 
smaller than " Large Nuts.” "riiis is a difficult condition to attain, 
*as when a charge is shot from above into an empty vertical 
retort of the intermittent tyjie, there is always a tendency for 
the charge to jiack most closely in the centre of the retort through¬ 
out its whole depth and to be loosest round the sides—the e.\act 
reverse of the conditions that would give the best results, as we 
want the coal dense round the sides so as to conduct the heat 
as quifkly as possible into the charge, whilst the centre should 
be loose with plenty of clearance to carry away the gas. 

In order to attain as favourable conditions as possible with 
broken coal of all sizes, such as is found in the ordinary coal store, 
attempts have been made to devise feeding arrangements in 
wjiich, whilst passing into the retort, a rough screening of the 
material takes place, the fine coal which passes the screen being 
shot teethe side of the retort and the larger coal going to the 
centre. 

1 have had a considerable experience in carbonisation in 
vertical 5I, to 6^ inch tubes at all temperatures, and find that 
for a considerable period, although the gas escapes freely up the 
central core, 11 comi M off so fast as to create a bottom pressure, 
but a time soon arrives with a column of this tliickncss in which 
the least volatile constitutents of the tar condense in the central 
p)re, and so choke it that the pressure rises to an undue degree 
in the lower half of the tube, and causes serious leakage at the 
bottom door of the retort, whilst some gas vapours are forced 
from the lower half of the charge through the already choked 
portion and along the walls. As pressure is the most fertile 
source of carbon deixisits in a retort, this is a serious con¬ 
sideration. 

When we are dealing with a well-filled horizontal retort, we 
have an oblong mass of coal, 18 to 20 inches wide by 12 thick, 
and the heat advances; so slowly that there is but little fear of 
choking from tar until the distillation is practically nearly com¬ 
pleted. The same thing will be found with semi-chamber 
retorfe, such as were installed_by Mr Thomas Glover at Norwich. 
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These latter consisted of oblong retorts, 3 feet high, i foot wide, 
and 21 feet long, taking 21 cwt. of coal as a charge, which 
required 12 hours for its proper carbonisation. In these chambers 
the course of the heat was manifestly inwards from the sides, 
whicli constitute the largest heating area, this being shown by 
the fracture of the coke on drawing being vertically da.vn the 
centre. 

It has been seen that with the horizontal retort the coke on 
drawing has a horizontal fissure or fracture througli the mass, 
the heat having jrassed into the charge chieflv from the Jop and 
bottom. The fracture in a coke charge is due to tar distilling 



Fig. 2}.- -iTacturc in coke in fully di.irKcd iitoit. 

forward before the advancing heat in the chargiy and portions 
condensing at the coolest spot to be afterwards redistilled as the 
heat reaches the centre of the charge. This takes place during 
the last two hours of the carbonisation, during which time the 
remainder of the coke is contracting and becoming denser under 
the prolonged action of heat, which shows itself by the charge 
shrinking from the walls and also from the still soft central 
layer, leaving the fissure in the finished coke. When the carbon¬ 
isation is carried out in a tube, the fissure becomes a hole in t’he 
centre of the rod of coke, the sides of the hole showing ample 
signs of the carbonised tar, whilst if forced from the tube two 
hours before carbonisation is completed, the core is found to 
consist of coal and soft pitch. 

Ill coke ovens, in which a large mass /ot coal is heated from 
the sides, the fissure (or plane of separation, as it is'best called, 
to distinguish it from the planes of cleavage, which as a rule 
are nearly at right angles to it) i,s vertically down the centre, 
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when the oven has been properly heated, and the two sides are 
at the same temperature, but if the two sides are not at the same 
temperature the plane of separation is found nearest to the 
cooler side. 

There is a wide difference between coals of very much the 

t 



Fig. 24.—Fracture in coke-oven coke. 


same ultimate composition in the way in which they ate affected 
by heat during carbonisation, and the value of the coke pro¬ 
duced will largely depend upon the. conditions of carbonisation 
being made to fit the. behaviour of the coal—-a point to which 
sufficient attention has not yet been paid in the manufacture 
of coal gas. Tills has made itself felt in the introduction of the 
vertiffal retort, in which it is. found that certain classes /if coal 
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give rise to undue swelling of the charge in the earlier stages of 
carbonisation, and so lead to choking of the top of the retort. 
When horizontals with a g-inch space above the coal were used 
it did not matter how much or how little the coal swelled, but 
with a completely filled vertical retort it becomes a serious 
question. , 

The swelling of a coal during de.structive distillation is largely 
dependent upon its degree of fusibility. If a coal fuses easily 
and the products are fairly liquid, the gases escape from it readily 
by the bursting of the tar bubbles formed, and the sw'elling is 
but slight. So also, infusible coals, wliicli undergo but little 
softening, give no trouble in this resjK'ct, but coals which yield 
a tough viscid mass form large bubbles and give rise to trouble¬ 
some swelling, this showing itself even more with low tempera¬ 
ture carbonisation than with high heats. This was one of the 
factors that gave serious trouble in the manufacture of " coalite.” 

In the manufacture of coal gas in lightly charged horizontal 
retorts not only docs the length of travel that the escaping gases 
have to undergo through red-hot coke vary through the whole 
process, but the length of time they are e.xposed to Radiant 
heat in the crown of the retort and the amount of contact with 
the highly heated fireclay surface also vary to an e.xtent that 
makes any uniformity of action or result an impossibility. 

The products of distillation from the coal near the mouth of 
the retort, be it horizontal, vertical, or sloped, have only a shqrt 
travel to reach the. mouthpiece, and are liurried on by the gas 
behind them, so that the time given for secondary reactions is 
curtailed to a fraction of a second, whilst the gas from the end 
of the retort has notliing to drive it forward, and has to run the 
gauntlet of surface action and baking to an extent that results 
in little else than hydrogen and carbon. Between these two 
limits every degree of secondary reaction is to be traced, and 
the gas and tar obtained are a mixture of the results of every¬ 
thing from low temperature distillation for a short period to 
high temperature distillation for a long period. 

The temperature of the gas as it reaches the mouthpiece of 
the retort shows but little of these variations in individual 
portions of the gas, as they are going on pro rata throughout the 
whole time of carbonisation, and the thermo-couple or thcrxio- 
meter registers merely the mean temperature of the volume of 
escaping gas, so that as the period of carbonisation proceeds 
and the bulk of distilling gases and vapours grows smaller, the 
temperature of the escaping products grows less, although 
coming from a mass at a higher temperature. 

It will be found that at the usual carbonising haats, as soon 
as the gas begins to escape freely, the temperature at the mouth¬ 
piece ^ill be approximately 400° C. (752° F.), and that this will 
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remain fairly constant until the fifth hour, whilst the falling off 
in volume during the filth and sixth hours is reflected by a 
gradual fall in temperature of about 100° C. (212° F.). As 
might be expected, the slowing down of the rate of flow of 
gas and vapour is shown even more by the tem])erature at the 
top of the dip-pipe, which rises with the first rush of gas to 120° C. 
{248° F.), and then steadily falls to about 50° C. (122° F.), by the 
end of the period of carbonisation. 

Th('. ^temperature of the gas escaping from the mouthpiece 
of an intermittent vertical retort is stated as being :— 


• 


"C. 

" 1 '. 

I hour after charging 


. 190 

372 

0 


• .110 

500 

•• •» 


• J 15 

599 

4 


• 318 

612.4 

5 


. 217 

422.6 

b 


• 215 

419,0 

7 . 


• 31.1 

4I5.4 

8 „ 


. 210 

410.0 

9 „ 


• 205 

401.0 

10 


. 188 

370-4 


w]uch suggests that the gas is not heated to the same extent as 
in the lightly charged horizontal retort. 

In yie secondary reactions taking place in the retort, pressure 
plays an important part, and as pressure is being created con¬ 
stantly by the evolution of gas, expansion, and decomposition, 
the maintenance of an even pressure is a matter of great diffi¬ 
culty, and wljcre the dip-pipe and hydraulic main arc used, 
although the utort house governor may keep the pressure steady 
in the hydraulic main itself, the escaping gas wUl be subjected 
to “ throbs ” of pressure as the gas forces out the liquid in the 
dip and escapes into the hydraulic main. When the gas is escap¬ 
ing rapidly these changes of pressure succeed each other so 
rapidly that the effect in the retort is a pulsation, whilst as 
the flow of gas slows down the individual “ throbs ” become 
mwe and more distinct, and short as their duration may be, 
they add to leakage and to decomposition. 

In many works little or no attention is paid to the size of coal 
used, and the coal as it comes from the truck, barge, or ship goes 
into the retort, only the lumps so large as to give trouble being 
broken, and it is manifest that the flow of heat into the mass 
must be considerably affected. In the manufacture of furnace 
coke uniformity in size in the coal is looked upon as being as 
impoftant as amount of moisture and other factors of thg same 
kind. 
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it is clear from these considerations that in the destructive 
distillation of coal for the manufacture of gas there is no one 
factor of uniformity in any part of the process. 

It is also clear that in modern carbonisation it has been the 
abolition of ox'cr-heating both by contact and radiant iheat in 
the empty space above the coal charge of juactically the whole 
of the gas evolved that has given the improvement found with 
the full charges, chambers, and vertietd retorts ; but some time 
before these methods had been introduced another way of 
reducing the evil was suggested. 

In a lecture 1 gave before the Incori)orated Institution of Gas 
Engineers in 1900 I suggested that instead of using water gas 
merety as a diluent, it should be made a factor in the distillatiorf 
itself. 1 then proposed that a stream of water gas should be 
passed tfirough the crown of the retort during tlic process of 
carbonisation, so as not only to hurry the newly-born hydro¬ 
carbon gases out of contact with the hot walls of the retort, but 
also, by diluting them, to prevent the secondary reactions which 
are so important a factor in the production of tar from^ taking 
place, and by so doing to save many of the important lighting 
and heating constituents from destruction. 

Through the kindness of Sir George Livesey and Mr S. Y. 
Shoubridge experiments were shortly afterwards made at the 
Crystal Palace District gasworks, giving results which pointed to 
this method of utilising water gas as of great importance. Tm 
results obtained will be further discussed when dealing ^ith the 
influence of the methods employed in carbonisation on the 
volume, heating, and lighting power of the gas produced. It 
was shown, however, that it was only in the early stages of 
carbonisation that the use of water gas showed bijpeficial results. 
The reason for this is perfectly clear. 

Messrs I'olkard and Heisch showed that with six-hour charges 
only one-sixth of the coal remained uncarbonised at the end of 
the third hour. This remained as a core in the charge surrounded 
by a crust of three inches of coke, and as the coke would be at 
a temperature not very far below that of the retort, the heavy 
hydrocarbons evolved during the last period of the carbonisa¬ 
tion would have been so degraded by filtering through the headed 
crust that the water gas would have but little chance of showing 
any profitable influence. 

The use of water gas for this so-called “ auto-carburetting ” 
process was adopted in several German works, and in 1905 Herr 
Blass of Essen made some interesting experiments to see if it 
were possible to distil coal direct by means of superheated water 
gas passed through a mass of coal. 

WJjien one considers the difference that exists between the 
amount of heat actuallj required to decompose the coal and 
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the amount that has to be supplied in an ordinary setting, 
owing to the bad conducting power of retort and charge, it is 
clear that enormous economies could be attained by an internal 
process of tliis character. 

As ^|as been pointed out, the last three hours with a six-hour 
charge is needed to carbonise the inner core of partially coked coal, 
and although it would not be possible to obtain hard coke, still 
with some classes of coal a valuable fuel might be obtained by 
distilling the coal in a stream of red-hot water gas, and absolute 
controlof temperature could be obtained. 

As we have seen, the coals constituting the class of gas and 
coking coal are probably slightly endothermic ; indeed, some 
•theorists have considered the heating of coal during weathering 
as being due to their enclothcnnicity, and have claimed that 
some coals cotdd be coked by the heat they themselves developed 
during this action. My own experience, however, is opposed to 
this, as with the coals 1 have c.xperimentcd with, weathering is 
an .action which continues for a few months and then practically 
ceases, owing to the resinic constituents, which by their affinity 
for oxygen set up the action, becoming converted into humus 
bodies or other more highly oxygenated compounds, so that 
when a mass ol coal in a store fires or cokes it is the heat of slow 
combustion that is the cause. 

Blass tiscd a metal retort jacketed by a bath of molten zinc, 
tlirough which passed a worm tube to heat up the gas passed 
into the coal to be distilled. Using .66 lb. ol coal, 22.4 cubic 
feet of water gas were passed through the apparatus, with the 
idne bath at a temperature of 672“ C. (1242° F.), the experiment 
being stopped when the gas became non-luminous. The results 
were .447 lb. p| coke, 68 per cent.; but the amount of water gas 
w'as far too h'gh and the temperature too low. The experiment 
showed, however, that the yield of ammonia was largely in¬ 
creased. 

In this form the experiment was of little or no use, but the 
idea of getting away from the troubles due to the low conduc¬ 
tivity of the retort and material is one that is well worth further 
consideration, and although the mechanical side of the question 
WQuld present very great difficulties, it is quite probable that 
when the heating value of a gas admittedly becomes of para¬ 
mount importance, and mixtures of water gas with just enough 
hydrocarbons to bring them up to the useful heating hmit become 
the aim of the gas manager, some process based on these 
principles may become of great value. 



CHAPTER VI 

TIIK PRIMAKY CASEOUS PRODUCTS OF THE DESTRUCTIVE DIS¬ 
TILLATION OF COAL AND THE BODIES FROM WHICH* IT HAS 
BICKN FORMED 

The distillation ol wood at low temperaiures—Composition of the gases 
evolved -The gases given by wood at high temperatures—Peat—^ 
Composition of peat and its destructive distillation—Lignites and 
their composition—The work ot Ste Claire Dcville—Analysis of the 
coals used and the results obtained —Constam and Kollie’s experi¬ 
ments on coals—Reason for the dittercnces found—Euchfine’s results 
—Elfc'ct of oxygen in coal on the products of distillation—Composi¬ 
tion of humus and resin Ixidics -Discussion on Cxmstam and Kolbe’s 
work —The experiments of Lewis T. Wright —C'oalite—Low tempera- 
lure carlionisation—1'hc researches of Porter and Ovitz*on low 
temperature carbonisation—The work of White, I’ark, and Dunkerley 
on American coals—^Messrs Jhirgess and Wheeler’s cxj'ierimcnts -- 
Primary and secondary reactions. 

Tin: gases evolved by coal during the process of carbonisation 
depend upon two factors :— ' 

1. The composition of tlie coal distilled. » 

2. The temperature employed, which influences the composi¬ 

tion by governing tlie amount and character of the 
secondary reactions taking place. 

Of the four classes of bodies which in theii^ agglomeration 
yield coal, the carbon residuum is the only one which does not 
decompose under the influence of heat, and the humus, resin, 
and hydrocarbon bodies are the portions of the coal that condi¬ 
tion its gas-yielding properties. 

Our knowledge of the hydrocarbons formed from the resin 
bodies is not sufficient to allow any Successful attempt to dis¬ 
criminate between the kind and quantity of the gas yielded,by 
them and by the hydrocarbons formed from them, so that we 
may look upon the hydrocarbons as included in the general 
term “ resin bodies.” 

We have seen that the humus and resin bodies each 5deld 
distinctive products of decomposition ; and a great deal may be 
learnt by studying the differences in the gaseous products of the 
destructive distillation of the substances which represent the 
stages in the formation of coal, whilst if the products foraied at 
the lowest temperature .of distillation be ascertained, we can 
112 
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form a fairly accuratu idea of the primary products of decom¬ 
position and the secondary reactions taking place at higher 
temperatures. 

In i8()2 some very valuable researches were made by Chorlcy 
and Ramsay u]X)n the destructive distillation of wood. They 
heated 1»he wood (oak, beech or alder) in a flask by means of an 
air bath, in whicii the temperature could be kept constant by 
triple walls, the temperature in both flask and air bath being 
recorded ))y nitrogen thermometers. The flask was connected 
to a condenser, washing and absorbing bulbs, and the residual 
gas was Ihi'ii collected. The whole of the apparatus was as far 
as possible e.xhausted by a water i)uni]) Ijefore commencing the 
distillation, and the raaiei ial in the flask, which was in the form 


Sf fine chips, was heated at between 

330° 

and 400° 

C. (572° and 

752° F.), until all gas ceased to come olf. 

LTndcr these conditions 

the gases evolved wore as follows :— 

Oak. 

fieedi 

Alder. 

Carbon monoxide 

86.7 

83-4 

78.3 

Carbon dioxide 

6.4 

{>.2 

7-4 

Methane .... 

2-7 


4.0 

Nitrogen (by diK.) 

4-2 

4-0 

8.8 

Oxygen .... 

ml. 

1.2 

1-5 


That is to say, that at tins low temperature the gas evolved was 
foii all practiced purposes impure carbon monoxide. 

On now raising the temperature of distillation to about 500° 
C. (032°»1''.) the result was to increase the methane to an average 
of about 18 per cent., with slight increase in carbon dioxide and 
decrease of the carbon monoxide, traces of ethylene also making 
their appearance. 

The great interest of these low-temperature distillations is 
that they show iliat tin- oxygen in the wood is in such combina¬ 
tion that carbon monoxide is the primary product ot its decom¬ 
position, and that the hydrogen and carbon dioxide which arc 
found in wood gas made at from 800° to 1000° C. (1472° to 
1832° R.) are due to the oxidation of carbon monoxide by steam 
with liberation of hydrogen, and also to the action of steam on 
the red-hot carbon. 

There must have been plenty of steam present in these ex¬ 
periments, as the samples of wood used, after drying in vacuo 
for a month, still continued moisture— 

Oak, 13.58 ])er cent.; Beech, 11.6 per cent. ; Alder, 11.64 
per cent. 

When wot)d is distilled at comparatively low temperatures on 
a large scale, for tar, wood spirit, and acetic acid, the gases given 
off ap^noximate to : - - 
H 
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Carbon dioxide . . . 40.0 

Carbon monoxide . . 36.0 

Methane .... 18.0 
Ethylene . . . .1.0 

Nitrogen .... 5.0 


The temperature is 400” to 500“ C. (752“ to 932° h'.) and 
the high carbon dioxide is at any rate partly due to air 
leakage oxidising the monoxide. 

The fact of increase on methane and carbon dioxide without 
any formation of hydrogen in Chorley and Kamsa3'’s experi¬ 
ments led them to suggest that it might be due to the action of 
nascent carbon on water, partly present as such and partly in 
course of formation, according to the etpiation— 

2C-f2H20=CH^-l-C02 

but they admit that no trace of such reaction is to be found when 
steam is passed tlurough red-hot cliarcoal. Tliis, however, may 
be entirely a question of tcmperatirre, as at the briglit red heat 
of a water gas generator the methane and carbon dii)xide would 
be both decomposed, and a trace o 1 methane is nearly ;J'A'ays to 
be found in gas. 

Another interesting iact revealed by tliis investigation was 
that during the distillation of wood at low temperature, a point 
was always reached when, the water having all distilled off, the 
reaction became e.xothennic, that is, tin* temperature' of the 
distilling wood suddenly rose above the temperature of the 
heated vessel, and an increase in the rajiidity with wiiich the 
gas was evolved took place. This rise in temperature is ex¬ 
plained by the fact that the acetic acid, methyl alcohol, and 
o.xides of carbon and water, which are the products of the decom¬ 
position, are all exothermic com])ounds that gene.ate heat during 
their formation. 

In none of the cases discussed has the temperature of the 
distillation been above 500° C. (932° h'.). When wood is distilled 
at about 900° C. (1652° F,) for the production of lighting and 
heating gas, hydrogen makes its appearance in quantity, and 
the composition would approximate to - 


Hydrogen 

Per coni. 

. 20 

Carbon monoxide 

• 30 

Carbon dioxide 

• 27 

Methane 

. 18 

Ethylene . 

2 

Nitrogen . 

• 3 


Messrs Chorley and Ramsay at a later date used the same 
methods and apparatus to investigate the action of heat upon 
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jute and cotton wool, bodies which we have seen may be taken 
as representing, jute the lignose and cotton the cellulose in the 
growing plant. 

They found that when distilled at temperatures between 300° 
and 400° C. (372° and 752° F.) the jute fibre gave practically the 
same f'olume of carbon monoxide as the wood, but that the 
purified cellulose gave only about 50 per cent. They unfor¬ 
tunately did not analyse the gas for methane and hydrogen, so 
that it is doubtful of what the residual gas consisted. 

One of the most comprehensive researches with regard to 
the effect of the composition of the fuel carbonized on the 
products is that made by I)f. Bornstein in i()o6 He not only 
.distilled wood, peat, lignite, and coal and contrasted their 
products, but idso did it at temperatures varying from the 
lowest temperature at which decomposition occurred up to 
540° C. (842" F.), so as to cover the whole of the little known 
changes taking jJacc below the temperatures of ordinary 
distillation. 


Wood - dried deal. Composition :— 



V.arbon . 



4875 

Hydrogen 



6.48 

Oxygen . 



4075 

Nitrogen 



0.63 

Sulphur . 



0.08 

Ash 



O.IO 

Jtoisture. 



3-21 

The gases evolved were as follows ; - 




C. 

^30-^00" ( 

. 400-450'’ c 


372-002'^ ]■'. 

(.(>2-752" 1? 

■ 1' 

Carbon dio.vM* 

• 5 J .5 

33-0 

28.0 

Unsaturated iiydrocarbons 

0.2 

1-5 

50 

Methane 

14.9 

7-9 

20.6 

Carbon monoxide 

• ^ 7-7 

32.6 

29.0 

Hydrogen . 

.37 

3-0 

17-3 


The first gas (carbon dioxide) appeared at 165° C. (329° F.), 
water at 180° F. (356° C.), inflammable gas at 280° C. (536° F.), 
tartit300°C. (572°F.). 

It is clear from these two sets of experiments that the woody 
fibre, the substance from wliich all the humus bodies have 
sprung, commences to decompose at about 200° C. (392° F.), 
and that water and carbon oxides are the primary products; 
and it seems probable rfrom Chorley and Ramsay’s experiments 
that it is tile monoxide which is first produced, they having 
taken the precaution to remove the air from the distillation 
flask. * Methane is the next gas to make its appearance e.s the 
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cellulose structure undergoes destruction; but it is also a 
primary product. Then as the temperature rises other hydro¬ 
carbons and the tar bodies appear, whilst .secondary reactions 
make hydrogen an important constituent of the gas. 

It is interesting to note that the three primary products 
of destructive distillation—water, oxides of carbon, and methane 
—are the same as the products of checked decay and the gases 
which we find occluded in our coal measures. 

The fact that peat is intenuediate in composition between 
the celluloses and lignites has led to the adoption of the idea 
that it represents the change of state that wood undergoes 
in its conversion into lignite, and ’.t is so stated in every text¬ 
book—1 have made the statement so often that 1 ought to, 
believe it -but the more 1 see of peat bogs and peat the 
more I feel convinced that although peat may represent a 
condition of vegetable decay falling between the stages of 
vegetable matter and tertiary coal, it does not represent 
the change in ordinary vegetable matter, but in the British 
Isles at any rate is mostly, if not all, composed of the remains 
of sphagnum or peat moss, which, growing from 'above 
and decaying from below, builds up the deposits w'e know as 
peat bogs. 

Whether you examine the peat bogs of the eastern counties, 
of Dartmoor, of Scotland, or of Ireland, you find the same 
characteristics. If the bog has not been buried by soil, the'cc 
is the growing sphagnum on toj), building U]) the deposit at 
a rate that can be measured by inches in years ; thertV is the 
light peat of the upper portion of the bog, gradually darkening 
as you dig down into the water-logged mass, until you reach 
the rich black peat in the lower part of the deposit; whilst the 
antiseptic properties of the humus, which has rfiumraified and 
preserved human and animal remains for centuries, and which 
has protected the stems and roots of trees from decay, does 
not by any means suggest changes that would convert ordinary 
vegetation into coal, although fully explaining the resistant 
properties of peat to decay, so allowing the accumulation of 
the vast deposits existing on the surface of the globe. Under 
other conditions, such as those existing in the carboniferpus 
age, which led to any deposits being deeply covered with silt 
and sand, the action of long ages of heat and pressure might 
well convert peat into coal, but not ordinary vegetation, such 
as we know to-day, into peat. 

In other countries, however, peat bogs of a totally different 
character exist, built up from all kinds* of vegctajjle deposits. 
Peat varies as widely in composition as the great class of tertiary 
coals, and unless one knows the ultimate composition of a 
sample of peat as well ,as its proximate analysis, the results 
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of its destructive distillation afford but little information as 
to the course the decomposition is taking. 

Rornstcin, in his experiments in the low temperature dis¬ 
tillation of peat, obtained the following results : — 

Pr..\T 


Composition of asli- and moistiirc-lrcc prat. 


Carbon 


• 58.5 


Hydrogen . 


. 5-5 


Oxygen . 


• ,32.7 


Nitrogen . 


3.0 


Sulphur 


0.3 


The gases evolved were as 

'ollows: — 
^00-350" c. 

350-400“ ('. 

400-450“ c. 


572-(i()2‘'‘ 1'. 

()() 2 - 752 ° J''. 

753 - 8 ' 42 “ 1'. 

Carbon dioxide 

8().2 

63.8 

.“iSH 

Carboti monoxide 

TO.I 

7-2 

12.3 

Unsaturated hydrocarbons 

0.3 

0.4 

- 5-7 

Methane 

nd. 

25-5 

25-4 

Hydrogen . 

0..^ 

o-i 

31 


^ater appeared at 100° C. (212° F.), gas (carbon dioxide) at 
250° C, (483° F.), tar at 325° C. (617° F.), and inflammable gas 
at 400° C. (752° F.). 

Euchene, whose work I have already quoted, made an 


analysis of peat. 

and distilled it 

under gasworks conditions. 

with the folloifing 

result : ■ 


J’eat a.s 

Asli and 




used. 

Water-Free. 

Carbon 



47475 

62.073 

Hydrogen 



5.207 

6.807 

Oxygen . 



22.975 

30.040 

Nitrogen . 



0.825 

1.080 

Sulphur . 



0.676 


Ash 



5-342 


Moisture . 



17.500 





100.000 


Volatile Matter 

• ' 

71.050 

Composition o£ the tar. 

Gas . • 

36.250 


Carbon . . 86 

Tar 

8.300 

■71.050 

• 

Hydrogen . . 6 

Water 

26.500 

Oxygen ■ , • 8 


Gas yield . . '15,000 cwbic feet per ton. 
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Composition of tlic gas ; - 


Hydrogen. 30 - 7 ^’ 

Methane.27.00 

Ethylene. 7 - 4 o, 

Benzene. 

Carbon monoxide .... 22.25 

Carbon dioxide. 

Nitrogen . . ■ • ■ • ^-33 


In considering these analyses it must be noted tha.t 
the peat used by Bernstein was ‘of a fair average composi- ^ 
tion, with the exception of its richness in nitrogen, whilst that 
used by Eucliene must Iiuve been a rich old peat in which 
already concentration of carbon and hydrogen and elimination 
of oxygen had given it more the composition of a lignite, 
which accounts lor the richness of the gas in unsaturated 
hydrocarbons. . 

Analy.sis 1 have made of peat gas from lime to time 

average :— 


Hydrogen . 
Methane 
Ethylene 
Carbon monoxide 
Carbon dioxide 
Nitrogen 


31 

26 

3 



,5 


and it is clear that the decompositions taking^ place in the 
peat structure are identical with those found m the case of 

wood. , , , . , , i. i- 

Passing to the next link m the chain between vegetation 
and coal, we come to the experiments made by Borptein on 
the low-temperature products of the distillation of lignites of 
two different ages of formation 


Carbon . 
Hydrogen 
Oxygen . 
Nitrogen 
Sulphur . 


Lignite 


I. 

Recent 

Herzhom. 

.42 

.36-3 

0.9 

3-4 


II. 

Old 

Bohemian. 

69-3 

6-3 

23.6 

i.o 

.04 
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I 


Gas evolved— 

350-400*^ C. 400-450® c. 
(>(>2-75^® F. 752-842® F. 

.(40-450° c. 
752-842° K. 

Carbon dioxide 

56.7 

52.1 

42.6 

Carbon monoxide 

Ip.q 

20.0 

8.1 

Unsaturated hydrocarbons 

1.6 

1-5 

4.0 

Methane 

18.9 

18.1 

8.0 

Hydrogen . 

. 11.9 

74 

19-3 

Ethane 

ml. 

0.9 

18.0 


• 

II 




300" C. 350® c 

^oo° C. 

450° c. 


572" F. 0O2® F 


8.(2° F. 

Carbon dioxide 

<) 2.7 

. 55-1 

27.7 

Carbon monoxide 

1.2 4.7 

18.9 

II.6 

Unsaturated hydrocarbons 

0.1 0.2 

4.9 

2.4 

Metliane . 

.“>•5 34 

16.0 

38.6 

Hydrogen 

0.5 0.6 

2.2 

15.0 

Ethane . 

.. 

2.9 

4-7 

-I. Water appeared at 

100® C. (212° F.), gas at 210° C. 


(ifio° F.), tar at 350° C. (662° F.). 

Thu lignites, wliicli form the groat tertiary class of coals, 
are not*often ilistillod for gas, as the high percentage of oxygen 
they contain leads to the formation of a high percentage of 
oxides of carbon, and as a considerable proportion of this is 
present as the dioxide, purification by lime would become 
a heavy it s"*. Tlie volume, of gas they give, however, is 
large. 

The following details of the distillation of a lignite at gas- 
making temperatures are due to Dr E, J. Constam, of Zurich, 
and the material used was the French Gardanne lignite :— 


Composition of the Lignite 


I’roximato. Ultimate. 


Moisture ' . 

10.55 Carbon . 

• 73-31 

Ash 

10.79 Hydrogen 

. 5 -06 

Combustilc . 

78.66 Oxygen 

. 14.00 


■ Nitrogen 

• 1.63 

• 

Sulphur 

. 6.00 


Yields. 

Coke . 50.6 

Volatile 49.4 


, Gross. 

Calorific value of combustible • 12^81 


Net. 

12,346 • 
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Yield or Products i‘er cent. 

Coke 

. 50.60 

Gas 

. 25.()0—12,619 per 

Tar 

. 4.53 ton ; sp. gr. 0,595 ; 

Pitch . 

2.00 B.Tli.H. 512 gross. 

Liquor . 

. 16.45 


roMi’OsrnoN OK Tin; (iAS 


Hydrogen 
Methane 
Ethylene , 
Carbon monoxidi' 


42.5,'! Carbon dioxide 9.47 
20.70 Oxygen . 0.28 

4.75 Nitrogen . 4.85 

18.42 


Here, again, the diminution of oxygen in the original material 
as compared with wood and peat is marked by a fall in the 
quantity of oxides of carbon in the gas. 

Tlic facts that stand over clearly from these experiments 
upon the highly ox5?genated fuels, and also from the earlier 
experiments upon them that I have quoted, are that on heating 
bodies like wood and bodies which are rich in humus com¬ 
pounds, like peat and lignite, the low temperature decom¬ 
position is the formation of water and oxides of carbon, t}ie 
latter forming practically the whole of the gaseous products 
below 350° C. (662° E.), whilst between 300° and 400" {372° 

and 752° F.) any resin bodies that are present in the peat or 
lignite begin to decom]X)se, and hydrocarbons and tar make 
their appearance. It is also to be noted that as soon as the 
vegetable matter has reached the condition of cljange in which 
some of the resin bodies are in the form of hydrocarbons, 
saturated hydrocarbons richer than methane make their ap¬ 
pearance, and even denser members of the paraffin scries. 

Dr Bornstein next distilled samples of eight kinds of coal. 
The results are given in the table, and 1 have placed them 
in the order of oxygen content in the coal substance, because 
1 want to bring out the following point. All the coals distilled 
at this temperature yield considerable quantities of ethane and 
unsaturated hydrocarbons. If these were due to the humus 
bodies they would increase with excess of oxygen in the coal 
substance, whilst if they were due to resin, they would increase 
with decrease in the oxygen; but as they arc yielded in each 
case and their quantity bears no relatjon to the oxygen, it 
is a fair inference that they are formed by the hydrocarbons 
which are derived from the resin bodies. 

In the early years of the gas industry the use of iron retorts 
necessitated the employment of temperatures which were low 
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Water first began to appear at alxmt 2oo‘ C. (302’ F ) m each ca'^e. True distillation began between 

300 and 400® C. (572 and 753® F ). 

I These contained also higher saturated hydrocarbons. 
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as compared with those to which wc are accustomed to-day, 
but were still well above the point at which secondary reactions 
in both the gaseous and vapourous constituents of destructive 
distillation were taking place, and in all ])robabihty the true 
low temperature distillation o( coal, that is, at temperatures 
when little else than primary products of the decomposition 
were being evolved, would never have been attempted on a 
manufacturing scale had it not been for the attempt in 1907 
to introduce the low tem])erature coke known as “ coalite ” 
as a smokeless fuel. I made a number of experiments on the 
subject, and in a course of Cantor Lectures in March l()o8, 
whilst describing the process, gave the following figures:— 

When an ordinary gas coal is subjected to destructive* 
distillation, the volume of the gas, its heating and illuminating 
value, and also the quantity and quality of the tar undergo 
great changes, according to the temperature at which the dis¬ 
tillation is carried out. The following table shows the average 
results that are obtained with a good sample of gas coal, 'file 
term “ average result ” is used, as variation in the coal em¬ 
ployed introduced alterations in the results, although they will 
all follow similar lines. 


Yield of C..vs and T.ak peu ton of Coal caktsonised 


Tonipcratiire of 
Distillation. 

® C. " V. 

Voliiinu of (Jas, 
cul). ft. 

. Tar 
(Gallons. 

Specific (Iravity* 
of Tar. 

900 

1652 

n,ooo 

9 

1.200 

800 

1472 

10,000 

12 

1.170 

700 

1292 

9,000 

15 

1.140 

600 

1112 

7.7.50 

18 

r 

500 

932 

0,400 

21 

1.087 

400 

752 

5,000 

23 

1.060 


The following table as to the composition of the gas was 
also given 


Effect of Temperature of Carbonisation on the Per¬ 
centage Proportions of the chief constituents of the G,\s. 


Temperature. 

Hydrogen 
Saturated hydro¬ 
carbons 

Unsaturated hy¬ 
drocarbons . 


400° c. 

500® c 

000° C. 

700® c. 

800° c. 

000° C, 

752° I-• 

Q32‘’F. 

1112'^ F. 

1292" F. 

I472n'. 

1052°!' 

21.2 

28.3 

33-8 

41.6 

48.2 

.54.5 

Oo.i 

56.2 

50.7 

.450 

391 

4 

34.2 

C .3 

5.8 

5-0 

4-4 

3-8 

3.5 


Alfhough only 5000 cabic feetf of gas are obtained from the 
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coal, it is over 20 candle-power, and has a calorific value of 
750 B.Tli.U. per cubic foot, whilst the low temperature of 
carbonisation has reduced the sulphur compounds other than 
sulphuretted hydrogen to a point that would satisfy the most 
ardent stickler for purity. 

After this date, plants were erected on a large scale for the 
manufacture of the low temperature coke, and 1 had the oppor¬ 
tunity of studying the carbonisation of many thousand tons of 
various kinds of coal at the temperatures wliich were found to 
be the lowest compatible with the development of a fair amount 
of gas and the production of a coke still containing 10 to 14 per 
cent, of volafile matter, wliich would burn with an absolutely 
smokeless flame and give easy ignition with plenty of flame. 

Under these conditions a fair gas coal, containing .50 to 
34 per cent, of volatile matter, will yield 08 to 70 per cent, 
of low temperature coke, containing 10 to 14 per cent, of 
volatile matter, and a volume of gas varying from 3000 to 5000 
cubic feet, according to the coal used, having a comixisition 
approximating to : - - 


Hydrogen .... 


27-5 

Saturated hydrocarbons — 
Methane 

. 4 « 


Higher members 

10.1 



— 

58.1 

Un^iturated hydrocarbons 


.TO 

Carbon mono.xide . 


7-3 

Carbon dioxide 


2.3 

Nitrogen .... 


1.6 


The gas b fore oxide purification contains about 1.8 per 
cent, of sulphuretted hydrogen. 

The low temperature gas, of course, varies with the coal 
used. The hydrogen is often below 18 per cent., and the 
saturated hydrocarbons up to 68 per cent.; but the marked 
feature of the gas is that it contains hardly any benzene vapour, 
and owes its illuminating power to a small percentage of ethylene, 
andchiefly to the gaseous members of the paraffin series (mostly 
ethane), and also that the percentage of hydrogen is low, very 
rarely reaching the amount present in the above sample, whilst 
bisulphide of carbon likewise is very low. 

The prominence given to the manufacture of coalite 
attracted a good deal,of attention in the United States, and 
two very vakiable researches on the distillation of coal at low 
temperatures were published late in 1908, the one by Messrs 
Porter*and Ovitz, and the second bv Messrs White. Park, and 
Dunkerley. 
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The work of Porter and Ovitz was reprinted by permission 
of the Chief of the Staff of the United States Geological Survey, 
where it had formed part of the fuel investigations conducted 
during the years 1907-08, on the nature of the volatile matter 
of coal as evolved under different conditions. The primary 
objects were (i) to throw light on the nature of the volatile 
products from coal and the manner in wliich they are affected 
by the conditions prevailing during their formation, or to which 
they are subjected after formation ; (2) to contribute in the 
interests of smoke abatt>ment some data on the comparative 
amount and character of the gases and vapoTirs distilled from 
different coals at low temperatures, a subject intimately con¬ 
cerned with the ])roduction of smoke ; (3) to jirove experi¬ 
mentally tliat the volatile piajclucts of coal are to some extent 
incombustible, and that the jrroduction of inert volatile matter 
varies in different coals ; and (4) finally, to show that the oxygen 
of coal is in many cases e\’olvcd in the volatile mattc'r very largely 
in combination with carbon as oxides, as well as with hydrogen 
as water, thereby explaining to a great degree the discrepancies 
found in these cases between the determined calorific value and 
that calculated by Dulong’s formula. 

Their first experiments were directed to noting the accumula¬ 
tion of combustible gas in tightly sealed jars containing samples 
of freshly mined coal, which wore kept for ten months, and the 
gases then collected and analysed. They found that under 
these conditions the gas liberated consisted almost entirely of 
methane, with a very slight amount of carbon dioxide. They 
then determined the volatile matter from coal at 105° C. (221° F.), 
the temperature usually employed for drying coal during analysis, 
and they found that besides moisture there was ,a slight amount 
of carbon dioxide produced, with only small traces of hydro¬ 
carbons and carbon monoxide, wliilst the coal will often gain 
in weight through oxidation. 

Having completed this preliminary work, they studied the 
nature of the volatile matter given off by the same coals at 
500° C. and 1100" (’.. (932° and 2012° F.) in the case of four typical 
American coals, the tests being made upon 10 grams and 400 
grams of coal respectively. f 

From these results they find that the low temperature gases 
are high in illuminants and the higher members of the paraffin 
series and low in hydrogen, and they also conclude that in the 
process of breaking down under the influence of heat, the coal 
substance gives up its oxygen partly in the form of water and 
partly in the form of oxides of carbon, and point, out that no 
calctdation of calorific value from any formula which assumes 
that all the oxygen combines with hydrogen can be corract. 

Ufifortunately, they give onlj' proximate and not ultimate 
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analyses of all the coals used, so that the influence of the coal 
constituents cannot be traced, the Illinois and Wyoming coals, 
of which they give ultimate analyses tor the purposes of their 
heat calculations, not being amongst those subjected to experi¬ 
mental destructive distillation. 

Messrs Wliite, Park, and Dunkerley made experiments on 
heating five American bituminous coals of widely different 
classes to a temperature of 300° to 300° C. {572° to 933° F.), 
and they confirm the high ethane content and low hydrogen 
found in low temperature carbonisation. In commenting upon 
it they make the following interesting remark; “ The ethane 
of natural gas has been assumed to liave been formed by the 
direct addition of hydrogen *and ethylene. We have here, 
fiowever. ethane forming apparently as a primary product in a 
gas cont.aining only small amounts of hydrogen and unsaturated 
hydrocarbons, which would favour the theory that tlie ethane 
in the natural gas is also a primary product.” 

'I'hese observers distilled samples of non-coking, feebly 
coking, and good coking coals, but here again give only the 
ultimati' analysis for one coal--the non-coking Bigler, which 
contains 16.29 per cent, of oxygen, whilst one knows that the 
coking coals lik(! the Pittsburg and Bay City coals will contain 
a far lower cpiantity. I will quote the composition of the gas 
obtained from these three coals in heating for .six to eight hours 
at»a temperature rising from 300° to 450° or 500“ C. (572° to 
932° F), as the. proportion of ethane present is far higher in the 
one from Pittsburg coal, than in any other analysis I have seen. 



Zciglur 

i>ay (Hty. 

l^ittsburg. 

Carbon dioxide 


16.2 

2.9 

Carbon mctioxido 

. 5 -fl 

5-0 

6.2 

Unsaturaicd hydrocarbons 

1.6 

4.1 

2.2 

Methane 

38." 

. 17-8 

26.3 

Ethane 

19-5 

11.8 

47.0 

Hydrogen . 

i 3 -q 

16.4 

IJ-2 

Nitrogen 

7.8 

9.1 

2.7 

We now come to the latest 

piece of work that has 

been done 


on^liis subject, and which was published in the Journal of the 
Chemical Society in 1910 and 1911 by Messrs Burgess and 
Wheeler, and which has been referred to before. These investi¬ 
gators have been employed for some years on the experiments 
conducted by the Mining Association of Great Britain, in order 
to elucidate the phenomena occurring during coal dust ex¬ 
plosions in ifiines. The special experiments that form the basis 
of their two communications were made with the view of deter¬ 
mining the nature of the volaljle constituents of coal dust^ as it 
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has a most important bearing on the problem ol such explosions, 
and also is of great general interest from many points of view. 

The coal dusts exjK'rimented with had the following com¬ 
positions :— 

1 . II. HI. IV. 

liituininou.s. Bituminous. Anthracite. 


Altoft’.s Abertillory, I’cnch- 

Silkslone South yt’Kgci, 

Seam. Wales. S Wales. 


South 

Wales. 


Carbon . 
Hydrogen 
Oxygen . 
Nitrogen 
Sulphur . 


80.50 

« 5-72 

90.72 

92.66 

. 5-45 

4 -')J 

4-23 

314 

9.70 

7-34 

1-25 

2.20 

1.42 

'T.oq 

2.99 

0.99 

2 - 9 J 

0.92 

0.81 

I.OI 


From tlieir results they confirm the previous observers in 
the high percentage of methane and ethane in the gases evolved 
at low temperatures, and draw attention to the fact that all the 
data obtained by them indicate that there is a critical jieriod 
in the <Jecom])osition ol the coal hefween 700° and 800° C. 
(1292° to 1512° F.), the rate of evolution of gas and the total 
quantity evolved per gram being nearly double at 800° C. to 
what they are at 700“ C. 

The most interesting part of this research was that the 
authors tried the effect of distilling coals 1 , HI, :ind IV iij a 
vacuum maintained by an automatic Spreiigel mercury pump, 
the heating at each temperature being kept constaiV in an 
electric resistance tube furnace for twenty-four hours, in order 
to completely withdraw all the gas evolved at that particular 
temperature, before the temperature was raised another 50° C. 
{122° F.). 

Under these conditions the amounts of hydrogen and 
saturated hydrocarbons evolved at the various temperatures 
are of great interest, and may be tabulated as follows :— 





a >. 
3 


Has evolved . . . Hyclroijcn. Saturated Hyrtrocarlions. 


Type of Coal 

T. 

111. 

IV. 

T. 

ill. 

IV. 



cc. 

CC. 

cc. 

cc. 

cc. 

cc. 

15°'J50“C. 

5y°-60a° I'", 

0.15 

o.oH 

0.00 


0 oO 

0.00 

400® C. 

752° V. 

2.40 


O.ll 

9.85 


0.^5 

450° C. 

842° F. 

T2,{>5 

12.1 


26.95 

16.0 


500° c. 

9.42° F. 

24.10 


5-7 

25.10 


5-92 

550° 

1012° 1’. 

47.00 

129.2 


iy.05 

42.0 


Goo® C. 

1112° F. 

G8.O5 

89.2 

82.6 

14.50 

9.95 

19.70 

G50® C. 

1402° F. 

80.60 

162.2 


8.40 

50 



It will be seen that up to the highest temperatu'.'e employed, 
with the bituminous coal, the hydrogen has steadily increased 
in quantity, whilst the saturated hydrocarbons, after reaching 
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a maximum at 450° C., slowly fall off as the temperature rises, 
a result which is not borne out by practical working on a large 
scale, and which I think is due. to the fact that Messrs Burgess 
and Wheeler were using a charge of only two grams of coal dust 
mixed with three grams of ignited sand, with the result that all 
the tar vapours formed escaped at once from the zone of heat 
instead of the heavier portions remaining as pitch in the residue, 
as they undoubtedly do in practical working; which shows that 
most of the methane formed in the destructive distillation of coal 
at temperatures above 600“ C. is due to secondary reactions taking 
place as the pitch is carbonised. 

The evidence that one can coll(!ct as to the products of the 
various ca)al constituents poirfts to their primary decompositions 
Tis being : — 

Carbon Residuum. Unaffected by destructive distillation. 


Solid. 

Clastious. 

Liquid. 

Humus bodies. Carbon. 

Carbon oxides. 

Water. 


Methane. 

Thin tar. 

Re.sin boilies. Carbon and 

Carbon oxides. 

Water. 

pitch. 

Ethylene. 

Other unsaturated 

Rich tar. 


hydroc.arbons. 


Hydrocarbons. Carbon and 

Ethane. 

Heavy tar. 

})itch. 



• 

Higher members 
of the series. 
Methane. 



Hydrogen, »wluch is the chief gaseous constituent found in 
high tempen ture g.is, is not a primary constituent of the car- 
Ijonisation, and the amount found in gas distilled between 400° 
and 500° C. (752° and 932° V.) is due to secondary reactions 
having already started. 

Methane, which is next in importance to hydrogen in the 
liigh temperature gas, is a product of both primary and secondary 
reactions, and being the most stable of the gaseous hydro- 
ca*bons undergoes destruction only at liigh temperatures, so 
that for the methane to fall below 30 per cent, in a coal gas made 
from a good gas coal means degradation of the products by over¬ 
heating. 

By secondary reactions we mean the action of heat upon 
compounds which have already been formed primarily at the 
lower temperature. If one heats a coal to, say, 450° C. 
(842° F.) and then makes an ultimate analysis of the carbon and 
hydrflgcn which it still contains, one gains an idea of the amount 
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of the three elements which have been driven from it by heating 
up to tliat temperature. One generally finds that the amount 
of hydrogen and oxygen left in will be, to a certain extent, in 
the same ratio as in the original coal; that is to say, if you took 
a Staffordshire coal, in which the proportion of liydrogen is 
5 per cent, and the oxygen lo per cent., distil it at 450“ C. 
(842° E.) and analyse the coke, the oxygen will be found still 
in a higher percentage than the hydrogen. This does not mean 
that the humus body in such a coal remains undecomposed whilst 
the resin bodies have been driven out. It means mc'rely that 
the products of decomposition and residues still remaining m 
the mass contain compounds richer in oxygen than in hydrogen. 
Where one has a coal which in the first place shows an excess 
of hydrogen over oxygen, an excess will be found still in most' 
cases in the residual low temperature coke. The bodies left, 
however, are undoubtedly different from those originally present, 
and under the influence of heat, when the distillation is pushed 
to a finish, the gases evolved are closely akin in all cases, and 
consist of hydrogen, oxides of carbon (in which carbon monoxide 
I)rcponderates), and methane. 

The effect of the temperature of chstillation upon the coke 
and tar are discussed fully in the chapters devoted to these 
products, but it must clearly be borne in mind that the low 
temperature gas gives only from one-third to one-half the \'olume 
of the high temperature gas obtained under ordinary processes 
of carbonisation, and that the extra volume is produced partly 
by a degradation of hydrocarbons in the primary gc.s, but 
chiefly to the breaking up of compounds present in the tar 
and pitch. 

In the case of wood, peat, and lignite, we studied the com¬ 
position of the high temperature products imnediately after 
the low, but in the case of the true coal we have, so far, re¬ 
viewed only the researches that liave dealt with distillation at 
temperatures likely to yield primary products, and we must now 
trace the effect that rise of temperature, as well as composition 
of the coal, has upon the gaseous products at heats up to those 
employed in ordinary gasworks’ practice. 

In the last half of the last century, before the incandescent 
mantle had made liigh candle-power in the gas perfectly tm- 
necessary, a very large proportion of the work done in experi¬ 
ments in coal distillation and coal gas was with the object of 
obtaining liigh illuminating power, and this is largely governed 
by the temperature. As the temperature is raised, the yield 
of gas from a given weight of coal increase^, but with the increase 
in volume there is a marked decrease in the illuminating value 
of the gas evolved. Mr Lewis T. Wright found, in a series of 
experiprents, that when four portions of the same coal were 
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dislilk'd at temperaturfs ranging from a dull red heat to the 
liighcst temperature attainable in an iron retort, he obtained 
the following results as to ;y'ield and illuminating power :— 


'J VinpuraUirc. 

Cubic j^'cet 
ot Cias per 

Illuminating 

Power 

Total 

Candles 


Ton. 

per Ton. 

I. Dull red 

8,250 

20.5 


2. Hotter . 

9.693 

17.8 

34.510 

j. Hotter . 

10,821 

16.7 

36.140 

4. Bright orange 

12,006 

15.G 

37.460 


CoMrOSITlON OF THE GaS 

1. 2. 4. 


Hydrogen . 


38.09 

43-77 

48.02 

Methane 


42.72 

34-.50 

30.70 

Olefines 


7-55 

5-«3 

4-51 

Carbon monoxide 


8.72 

12.50 

13.96 

Nitrogcji 


2.92 

3-40 

2.81 



100.00 

100.00 

100.00 


The gas analysis of No j was lost, but the illuminating power 
sli4)ws that it was intermediate in composition between No 2 
and No 4. From this it will be seen that with the increase 
of temperature the hydrocarbons—the olefines and methane 
scries—gradually break up, depositing carbon in ' the crown 
of the retort and liberating hydrogen, the percentage of which 
steadily increases with the rise of temperature. 

The most wimprehensivc and the largest scale experiments 
ever made 01. the ir.fluence of the composition of the coal on 
the gas produced from it under gasworks conditions were those 
carried out by Saintc-Claire Deville at the experimental works 
at La Villette, belonging to the Paris Gas Company, extending 
over the years 1872 to 1884, during wliich time 1012 tests were 
made with fifty-nine different coals, each test representing the 
carbonisation of 13.5 tons of coal. 

*rhe coals were arranged in five classes according to their 
oxygen content, as follows :—■ 



1. 

2. 

3 - 

4 . 

fi¬ 

Oxygen 

5-56 

6.66 

7.71 

10.10 

ll.70 

Hydrogen . 

5.06 . 

5-37 

5-40 

5-53 

5-64 

Carbon ’ 

88.38 

86.97 

85.89 

8337 

81.66 

Nitrogen 

1.00 

1.00 

1.00 

1.00 

1.00 

Watei* 

2.17 

2 - 7 P 

331 

4’34 

6.17 


1 
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Whilst their proximate analysis gave ;— 

Volatile matter . 26.83 31.59 33.8o 37.34 39.27 

Coke . . . 73 -i8 68.41 66.20 62.66 60.73 

Ash . . . 9.04 7.06 7.21 8.18 10.73 

Each coal was distilled alone in four-hour charges for a 
period of three days in two settings of seven retorts, the pro¬ 
portions of the different products yielded being :— 


Yield per ioo kilos, oe Coal. 


Gas, cu. metres . 

.lo.id 

31.01 

30.64 

29.72 

27.44 

Coke, hect. . 

1.97 

1.96 

1.78 

1.70 

1.63 

Tar, kilos. . 

3-90 

4 -fb‘) 

5.08 

5-48 

5-59 

Ammoniacal liquor 

4'58 

5.22 

6.80 

8.62 

9.86 


It will be seen that the coals richest in oxygen contain the 
largest quantity of water, and also that the proportion of volatile 
matter increases with the quantity of oxygen. It is well known 
that the production of gas varies each hour during the dis¬ 
tillation of a four-hour charge. The following table shows the 
percentage yield of gas with each class of coal : — 


1st hour . 

24.9 

25.0 

24.7 

24.1 

23-1 

2nd hour . 

29.9 

28.4 

29.2 

29.6 

26.9 

3rd hour . 

28.8 

28.6 

29.8 

29.0 

29.0 

4th hour . 

16.4 

18.0 

Ib-l 

16.9 

20.7 


100.0 

100.0 

100.0 

100.0 

100.0 


If the quantity of all the products by weight be worked out 
to percentages we obtain the following table:— 


Percentage Yielded by Weight of all the Products of 
Distillation 


Gas 

13-70 

15.08 

15.81 

16.95 

17.00 

Coke . 

71.48 

67.63 

64.90 

60.88 

58.00 

Breeze . 

6-33 

7.07 

7.41 

8.08 

9-‘56 

Tar . . . 

3-90 

4-65 

5.08 

3.48 

5-59 

Ammoniacal hquor 

4-59 

5-57 

6.80 

8.61 

9.86 


This table further accentuates the fact that as the oxygen 
increases so also does the weight of ga.;, tar, and ammoniacal 
liquor, whilst, as might be expected, the residuld coke falls, 
and, as is shown by the percentage of breeze, becomes more 
friable. 
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The gases evolved by the coals of the five scries were analysed, 
with the following results ; - - 


Carbon dioxide 

147 

1.58 

1.72 

2.79 

313 

Carbon monoxide . 

().68 

7.19 

8.21 

9.86 

11-93 

Methane and nitrogen 

J 4-17 

3443 

3 ,'i 03 

3 b 42 

37-14 

Hydrogen 

. 54-^1 

.' 52.79 

50.10 

4 . 14,3 

42.26 

Benzol . 

0.79 

0.99 

0.96 

1.04 

0.88 

Oli'fiues 

2.48 

3.02 

3-98 

444 

4.76 


'riu' gravity, make in cubic feet per ton, and candle-power 
are given in the following tabl(»:— 

density of gas .352 .376 .399 .441 .482 

Cu. ft. iKT ton 10,806 11,116 10,985 10,661 9,856 

Candle-power 10.6 12.9 13.5 i 4 o I 4-.3 

These candle-powers on the No. 2 London argand would 
have been a couple of candles liigher. 

It will be seen that the carbon dioxide and carbon monoxide 
increase with the quantity of oxygen contained in the coal, 
the methane and olefines also with the oxygen. The illuminating 
power of the gas is much greater the more highly oxygenated 
is the coal from which it is produced, but it does not increase 
so tapidly as the hydrocarbons, because the proportion of carbon 
dioxide in the gas augments with that of the hydrocarbons. 

The toals in classes i and 2 yield a good coke and a poor 
gas, whilst those in classes 4 and 5 give a rich gas and an inferior 
coke. In practice class 3 is preferred for gas-making because 
these coals yield good coke, and at the same time a fair quality 
of gas. 

In summing up the results of the experiments, it becomes 
evident that within a range of 5.5 to 12 per cent, of oxygen, 
the more oxygen present in a coal, the richer and denser will be 
the hydrocarbons and the poorer the hydrogen, in the gases 
evolved from it on distillation. 

In speaking of the endothermic character of some coals, 
mention was made of the very fine research by Constam and 
Kolbe, which, although it was carried out for a different purpose, 
gives data which may be utilised for ascertaining how far their 
results are in accord with those of the La ViUette experiments, 
whilst it lias the added charm of dealing with well-known types 
of Enghsh coal, and covers a wider range of composition. 

Arranging the nine? coals analysed in the order of their 
percentages ol oxygen in the ash- and moisture-free coal sub¬ 
stance, jve obtain the following table :— 
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ro.ii. 

1 . Nottingham, bright . 

H. Nottingham, best hard 
III. Kinneil . 

IV. Yorkshire, Barnsley . 

V. Lancashire, Trench'erlxine 
VI. Durham, Low Mam . 

VII. Durham, Ballarat 
VIII Durham, Hutton 
IX Welsh Steam . 


C.irlion. Hvilrosm Owscii Nitron™ Sulpimr. 
81.38 JO.20 2 02 1 10 

II.I.15 it)? b21 a 0,1 o.br 

bVw 5-55 ‘>.a,I ' a,i 

K 5 .f )2 4 h 2 7 'D 101 

S4 Sj 4. iS 70,5 i.h7 oH ,5 

«(>.ii .i. 4 S .SWi a .11 064 

SS.()4 41)5 4 aa t .77 "-ta 

RS2.4 ,54(1 .)70 1 - 7 ''’ 

(to 10 4.72 2 4S 1 ,5,1 1.07 


Pkrckntalk Yikld of PUODIICTS 


Coal 


(Ills. 

T.ii. 

LiqiP'i 

I'ltch. 

I. 

.TTa 

i «..3 

9.7 

17.9 

1.4 

n. 

,39.7 

17.7 

H..i 

12.7 

1.2 

III. 

9.1.7 

i 8.,3 

8.(1 

9.8 

2.0 

IV. 

70.9 

12.9 

.5.9 

8.7 

I.(t 

V. 

()2.0 

20.3 

10.2 

.3.7 

1-3 

VI. 

9.3.3 

17.0 

9.2 

6.2 

2.1 

Vll. 

76.6 

12.8 

2..3 

6.4 

1.6 

Vlll. 

()8.8 

17..5 

7.6 

3.9 

2.0 

IX. 

80.3 

II.2 

3.1 

3.f^ 

^•3 


Sulplnir 

Conipimmls. 

o-.T 
0.4 . 
0.4 

o-:? 

0.5 

0.2 

o.i 

0.2 


Composition of the Ci.\s 


foal. 


Carl)on 

Dioxide. 


I. 2.90 
II. 4-15 

III. 2.30 

IV. 3.50 
V. 2.20 

VI. 1.70 

VII. 1.30 

VIII. 0.90 
IX. 1.00 


Satiiriilcd 

Hvilro- 

c.irboiis. 

5.55 

5.90 

5 - 7 ‘> 

7.60 

6.20 



Oxvgc-u. 

Carbon 

Monoxide. 

Melbaiie. 

Hydrogen. 

Nilrogen. 

0.73 

7.43 

23..35 

34.99 

3 - 9’4 

o.go 

11.49 

24.27 

49.92 , 

4.02 

0.50 

8.50 

29.40 

.30.20 

3-20 

0.80 

8.27 

24.80 

51.()8 

4-93 

0.60 

9.77 

28.94 

48.08 

2.81 

0.73 

3.02 

32.43 

,.30-70 

3.20 

0.73 

2.94 

29.78 

56.10 

4.68 

1.00 

3.G2 

31.20 

31.43 

6.00 

0.80 

4 - 1.3 

24.08 

93.04 

4.30 


The yield of gas in cubic feet per ton, its specific gravity, 
candle-power, and calorific value, may be tabulated as follows 


Coal. 

Yield 

Cubic Feet 

Specific 

Ilravity. 

Illuminating 

Power. 

Calorific Value. 
Cifoss. Net. 

I. 

per Ton. 

11,886 

.463 

7-1 

379 

517 

11. 

11,076 

.475 

9.3 

39() 

309 

III. 

11,964 

.462 

9.1 

619 

354 

IV. 

9.744 

.393 

6.2 

5^6 

331 

V. 

12,997 

•47.3 

10.2 

611 

359 

VI. 

11,674 

.433 

10 .t) 

627 

594 

VII. 

10,999 

•347 

6.5 

609 

547 

VIII. 

12,253 

.427 

9-9 

647 

5,89 

IX. 

11,790 , 

.321' 

2.6 

475 

100 
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The illuminating power must be taken merely as a comparison 
between gas and gas, having been taken in a slit burner at a 
rate of 5.3 cubic feet per hour. 

These two sets of experiments are as good an example as 
could be adduced of the fallacy of founding ideas and drawing 
inferences from experimental work made under different con¬ 
ditions. Both sets of experiments are by men whose accuracy 
and ex])erimental skill are beyond doubt, and yet when you 
come to compare the two researches it is only in a very few 
points that anything like agreement exists between them, and 
the concordant figures of the first set become in the second 
an almost inexplicable set of anomalies. 

, The whole of this is brought about by the fact that in the 
La Vilh'tte experiments, at least ten coals of each class were 
carbonised, and of each of them thirty-five tons were used in 
three days’ working on four-hour charges, so that the anomalies 
presented by particular coals and minor experimental losses 
were averaged out, and the results exhibited fairly the 
characteristics of the class. 

In <'.onstam and Kolbe’s work, on the other hand, only 
half a kilo, of coal (i.i lbs.), was carbonised at a charge, and 
any abnormal characteristic of the coal or any slight experi¬ 
mental error at once upset the agreement found in the former 
lesearcli, 

• 1 am not sure, however, that the abnormal results that crop 
up under the same conditions do not teach us quite as much 
if not ‘more than the broader generalisations, and although 
the average results give us the class distinctions, it is the 
abnormal exceptions that teach us most as to the individuality 
of coals. 

Before, ho^'cwr, discussing this question it will be well 
to glance at anotlier set of e.xperiments made, hke the La 
Villette expt'riments, in the laboratories of the Paris Gas Co., by 
Euchene, in his work to establish the endothermicity of coal. 
He chose for this purpose five coals of the classes laid down 
by Stc-Claire Deville, and carbonised them in bulk in a 
setting of seven retorts. 


Iilomcntary Composition, Ash- anJ 
Class. Water-free. 

Carbon. Hydroycn. Oxygen. Nilrogcn. 

1. 88.38 5.06 5.56 I 

II. 86.97 5-37 6-66 I 

11. 85.89 5.40 7.71 I 

IV. 83.37 . 5-53 iS-io I 

V. 81.66 5.64 11.70 I 


Volatile 

Matter. 


Coke. 


Quality. 


23-3 75.6 Dense, large, 

2.5.9 72-6 Dense. 

28.3 70.2 Medium. 

32.1 65.9 Bad. 

33.0 64.0 Bad, small. 
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('OM POSITION OF TIIF, GaS 



Hydrogen. 

Meth.inc. 

lilbylenc. 

Brnmir. 

Carbon 

Monoxide. 

Carbon 

Dioxidf. 

Nitro¬ 

gen. 

I. 

. 54-21 

.33-37 

2.48 

0.70 

6.68 

1-47 

I 

11 . 

52.70 

33-43 

3.02 

o.qq 

7.19 

1.58 

I 

III. 

50.10 

34-03 

3-<)8 

o.qf) 

8.21 

1.72 

I 

IV. 

45-45 

35-42 

4-44 

1.04 

q.68 

2-76 

1 

V. 

42.26 

3 <i-t 4 

4.66 

0.88 

ti -93 

3-13 

I 


Hero, again, wc have the same beautiful accordance of 
results, hardly a figure being out of place in the analysis of 
the gases, and one cannot help feeling that they are almost too 
perfect. • 

I have ])ointcd out that not only does every seam in a colliery 
give great differences in the coal, but that the ccjal from the 
same seam will often vary so much in composition :is to make 
one doubt its source. From the conditions of its formation it 
must be so, and, as 1 have tried to show, the diffenmees in coal 
are dependent entirely on the proportions in which its main 
constituents are present in it. ' 

It is useless to go on quoting researches on the composition 
of coals and the influence which it has on the gases derived 
from it; but there arc one or two points which stand out from 
all analyses, and which may be taken as generalisations. These 
are;— ‘ 

1. The higher the oxgyen in the coal, the higher wiK be the 

volatile matter. This follows from the fact that the 
oxygen in the coal is present in the form of both humus 
bodies and resin bodies, both gas-yielding constituents. 

2. The higher the oxygen, the lower will be thl coke yield. 

;j. The higher the oxygen, the larger will be the volume of 
oxides of carbon in the gas. 

4. Oxygen above 10 per cent, or below 4 per cent, means 
bad coke or non-coking. 



CHAPTER VII 


tar: its formation, use, and decomposition 


Formation ol tar m tin: distillation of coal—Deposition of tar in the 
hydraulic niam,t-ondeiisers, and scrubbers—Saturated and unsaturated 
hydrocarbons The paraffin»senes Isomerism and metamerism— 
Na])lithcnes—Tlie constituents of tar--Benzene and anilin—Naph¬ 
thalene—ITienol—Creosote oil - Anthracene oil—Effect of oxygen in 
coal on the tar—J-ow temperature tar—Course of the decompositions 
in the distillation of loal—Comparison of tar from Dessau vertical 
and the horizontal retort—Lewis 'J' Wright’s experiments on the 
distillation ol coal-~Ctihsation ol tar for gas-inakmg and its limita¬ 
tions—Factors governing its successful use—The Dinsmore jiroccss 
—Tully’s metliane-hydrogeii process—I^araftinoid tar—Benzcnoid 
tar-Coke oven tai Conijiosition of lar from Simon-Carves and 
Semet-Solvay ovens—Blast lurnace tar—TTienoloid tar—Water 
gas tar. 

The lact that a large pnipiirtion (it the gas which goes to make 
up the bulk ol coal gas as at present manutactured is derived 
fitim the decomposition of the tar, gases, and hydrocarbon 
residues left in tiie coke after low temperature carbonisation 
renders*a discussion of the composition of these bodies necessary 
before wc can grasp the, actions which swell the 3C00 to 5000 
cubic feet of gas per ton given by primary decompositions into 
the 13,500 cu^ic feet obtained in some of the modern systems 
of carhoni'iati.in. 

If coal gas as it leaves the mouth of the retort be allowed 
to escape through a pet cock, it will be seen to be of a brown 
colour, and il a piece of white paper be held in the stream of 
escaping gas it rapidly becomes brown from condensing tar 
vapour, whilst if the temperature of the retort has been pressed 
to the liighest possible point, the gas will show greyish black 
frcjpi separated carbon. The brown vapour is formed of myriads 
of microscopic vesicles filled with coal gas, the envelope being 
tar, and owing to their lightness they continue to float in the 
stream of gas until friction or the dashing against some solid 
body causes them to burst, when the gas is liberated and the 
condensed tar streams down the surface of the body on wliich 
the vesicle has been'wrecked. Although the temperature in 
the hydraulic main is as a rule well below the condensing 
point ^of the tar vapour, only a portion of the vapour condenses 
there, the remainder being got rid of in the condenses and 
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scrubbers. Of course, the amounts depositing will vary with 
the specific gravity of the tar, with the heat of the gases, and 
even with the composition of the coal, but taken very roughly 
the proportions would be :— 

Hydraulic main . bo per cent 

Condensers . . . 17 ,, 

Scrubbers . . . 2; ,, 

If it were not for the tar being mechanically canied lorward 
in this way as a whole, a fractional condensation would take 
place, the tar constituents of liighest boiling point condensing 
in the ascension pipe and hydraulic main, creosote oils in the 
condenser, and some of the lightest portions even as far forward 
as the scrubbers. There is, in fact, a slight tendency in this 
direction, and when every fraction of a candle-power was 
jealously watched and guarded by the gas manager, it was 
reidised that sudden cooling of the gas and condensation of tar 
at too early a period affected the illuminating pow('r more than 
slow cooling. Tliis is partly due to the tar being thrown out 
as a whole, whilst with slower cooling some of the bCn/.ol is 
carried away as va))our by the gas. It is also due to sudden 
cooling and condensation leading to absorption of some of the 
heavy hydrocarbons from the gas. 

The tar in the hydraulic main also shows that some of the 
more volatile constituents go forward, as it is nearly always 
tlucker than the tar from the condensers; but this is because when 
condensation takes place in the stream of still hot gas, the 
condensed portion undergoes a partial distillation, the la'avy 
portions of tar which we find going forward as far as the scrubbers 
being carried by the skin of tlie tar vesicles. ^ 

The tar from all parts of the purifying apparatus is in ordinary 
gas practice run into the tar well together with the ammonia 
liquor, and, separating by gravity, forms the dark brown or black 
viscid fluid wliich we know as gas tar, and which varies in its 
specific gravity, according to the composition of the coal and 
the method and temperature of carbonisation, from 1.07 to 1.21. 

The same factors which influence the specific gravity of 
the tar also influence its composition, which is the cause umjer- 
lying the variation in gravity; and when we come to approach 
the question of its composition we find ourselves face to face 
with a question of the greatest complexity, as some one hundred 
and fifty different compounds containing carbon have been 
isolated from it. 

The cliief substances found in it ard; Hydrocarbons, oxy¬ 
genated carbon compounds, and bodies in which sulphur and 
nitrogen are to be found. , 

CaVbon forms an enormous > number of compounds with 
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hydrogen, these bodies being known by the generic name of 
“ hydrocarbons.” Twelve parts by weight of carbon will 
unite with four parts by weight of hydrogen, and when tliese 
elements are united in tins proportion, the body formed is 
incapable of combining with clilorine or any other element of 
the same kind, the constituents having formed what is termed 
a “ saturated compound ” ; but the compound may exchange 
the whole or part of its hydrogen for other elements. 

Most elements in forming compounds exist only in the mole¬ 
cule in a very limited number of atoms, but carbon has the 
proi)erty of existing in different bodies to a very large number. 
Although the simi)le,st compound of carbon and hydrogen known 
js represented by tlu; formula CII4, it is only the first of a 
long series of compounds in which the carbon is saturated by 
hydrogen, each member of this series containing one atom of 
carbon and two atoms of hydrogen more than the member of the 
series preceding it. This series is known as the saturated hydro- 
c.-irbon or paralfin series, and all its members contain carbon and 
hydrogen in the ratio of 

Besides this series there are many others in which the ratio 
of carbon to hydrogen is not so high, and which can therefore 
unite directly with some other elements, and for this reason are 
called “ unsaturated hydrocarbons.” As examples of such series 
may be cited the ethylene series, having the ratio CnHj,,; the 
acetylene series, having the ratio ('„H2,i_21 the benzene series, 
having the ratio C„H2„_f,. 

In fire paraffin series the lower members are gaseous, whilst 
as the molecule becomes more complex they assume the liquid 
.state, and become less volatile and more viscid as the series is 
ascended, the liigher members being crystalline solids. The first 
four membf'i s (’f the paralfin or saturated series are the gases— 


Methane 

CII^ 

Ethane 

• • ('2II6 

I’ropane 

• • 

Butane 

. . C4H1 


As we have seen, methane occurs in all coal gas, and by volume 
is the second most important constituent of high temperature 
gas, whilst as regards heating value and its influence on illuminat¬ 
ing power it is the most important. 

Ethane is the primary product of the decomposition of the 
hydrocarbons in coal, and is generally accompanied by traces 
of propane and butaiK; but the latter arc never present in 
liigh temperature coal gas, and most of the ethane undergoes 
decomposition at temperatures above 800° C. (1472° F.). 

The increase in the number of atoms in the molecifles of 
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these gases is reflected by the greater and greater case with 
which they can be liquified by cold and pressure. Methane has 
to be cooled below - qt/ C. (- 210° F.) before it can be liquified, 
ethane can be liquified at 4° C. (39° F.) under a pressure of 4b 
atmospheres {46x15 lbs. on the square inch), propane con¬ 
denses to a liquid without any extra pressure at - 20" C. ( - 68° 
1'.), and butane becomes a liquid at the freezing point, or slightly 
below. The next member of the group is pentane, which is a 
liquid so e.xcessively volatile that unless it be kept in well corked- 
up cans, I'ery little, of it will be left in the can after an hour’s 
exposure on a warm day. 

With pentane this series of hydrocarbons becomes liquid, 
and gradually, with increase in the number of carbon atoms, 
gets more and more viscid, with a higher and higher boiling 
point, untd at about the fifteenth member of the group one 
arrives at substances which, although still liquid, are so viscid 
that the hfteenth member is that jelly-like substance known 
under the* name of vaseline. For another five members they 
are still slightly viscid, and above the twentieth member of the 
group begin the real solids, a mixture of which constitutes 
jiaraffm wax. 

The liquid members of the group from pentane up to decane, 
C,oH 22. have been isolated from coal tar, but although solid 
paraffin is a common constituent of the tars from shales and 
even some cannels, a doubt exists as to whether it is ever found 
in tar from a true bituminous coal. 

Of the unsaturated series of hydrocarbons, we fincl in all 
coal gas ethylene, C2H4, the first member of the ethylene series, 
in winch the ratio of carbon to hydrogen is Cnllj,,, and sometimes 
traces of the next two higher member.s—propyjenc CjHj, and 
butylene, C4H8, whilst amylene, hexylene, and 

heptylene, C7HJ4, are found in the tar. 

If we take acetylene, CjHj, and benzene, CjHj, we see that 
the one has a molecular weight of 26 and the other 78 ; but if 
we take their percentage compositions they arc the same, that 
is, they contain the same elements in the same proportions by 
weight. Substances which bear this relation to each other, 
but possess different properties, are said to be “ isomeric.” 
When substances have the same percentage compositions but 
different molecular weights, as in the case of acetylene and 
benzene, they are said to be " polymeric,” whilst compounds that 
agree both in percentage composition and molecular weight are 
said to be “ metameric.” The wide differences in physical and 
chemical characteristics which may exist'between ", metameric ” 
compounds are due to the different relations which the atoms 
forming the compounds bear to each other. , 

Tlierc is a class of but little known hydrocarbons meta- 
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meric with'] the ethylene series that is represented by CnHj,,, 
and having the same percentage composition. These bodies 
arc called the naphthenes or hexahydrides. They are found 
in Russian petroleum. Rcnard found them in the products 
of distillation of rosin, and Armstrong and Miller isolated 
members of the group from the deposit of liquid hydrocarbon 
produced on compressing oil gas. These observers named 
them “ pseudolefines.” These bodies are abundant in low 
temperature coal tar, and three members of the group have 
been isolated from coal tar :— 


Hexahydrobenzene . 

CjII]2 

Hexahydrololutine . 


Hexahydroisoxylene 

^8^10 


Tliese bodies diller from members of lh<^ ethylene group 
in tlieir behar iour when decomposed by heat, the ethylenes 
breaking up into simpler hydrocarbons, whilst the hexahydrides 
merely shed olf hydrogen and become converted into benzene, 
toluene, C,Hg, and xylene, CgHjg, respectively, and there 
is ver>; little doubt but that the benzene and some of the other 
aromatic hydrocarbons found in high temperature tar, and which 
occur only in very small proportions in low temperature tar, 
are partly iorined in this way. 

Hydrocarbons of this character have also been isolated 
fij)m coal, and it is probable that the benzene occasionally found 
in low temperature gas has been formed from tlieir decom- 
positum, as the temperatures employed have been too low for 
any of the other actions that give rise to benzene. 

The other chief constituents present in coal tar may be 
talulated as follows : - 


• 

JUnImg Toinl. 
“C. 

l-'ormula' 

S])criiic 

(iravity 

Neutral liyclrocaibons— 

1 Benzene . 

80 

172 

C,H„ 

0.88 

T •, Toluene . 

Xylene . 

no 

230 

0.87 

142 

288 

SHro 

0.87 

[ Isocumeni' 

170 

332 

Cglljj 

0.85 

f Naphthalene 

217 

423 

CioHs 


^olid J Anthracene 

360 

680 

^ 14^10 


1 Chrysene 



CigHij 


1 Pyrene . 





Alkaline products— 

Ammonia 



NH3 


Anilin . . . • 

182.5 

367 

C,H,N 

1.02 

, Picolinc * . 

130 

266 

C,H,N 

0.96 

Quinoline 

239 

462 

CjH^N 

1.08 

Pyridine 

V 7 

243 

CsHsN 

• . . 
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Boiling Point. 
“C. "K 


Acids— 

Carbolic acid 

l 8 o 

3 ()b 

CjHjO 1.07 

Cresylic acid . 


(:,H ,0 .. 

Kosolic acid . 




Brunolic acid 



Acetic acid . 

Ii 8 

2 J 4 

C2H4O2 i.ob 

Free carbon. 



In roughly considering tlic proportions in which the main 
constituents occur in high temperature coal tar, we can still 
further simplify the composition, and look u])on it as con¬ 
taining benzene, naphtha, naphthalene, anthracene, carbolic 
acid, and pitch ; and if this tar be carel’ully redistilled, we find 
it can be separated into the constituents which distil over at 
various temperatures. 

First, light oils ]iass over, from which benzene and its 
homologues can be obtained ; then heavy tar oil, from wliich 
carbolic acid is made ; and jiitrh is lift, from which,a sub¬ 
stance called anthracene can be separated. The benzene 
obtained is the source from which anilin is jirepared; and it 
is from anilin that most of the coal-tar colours arc derived. 

When benzene is acted upon with strong nitric acid, nitro¬ 
benzene, CjHjNOg. is formed. On treating this with dilute 
sulphuric acid and zinc dust, or acetic acid and iron filings, 
hydrogen is evolved, and in its nascent state attacks tlA.‘ nitro¬ 
benzene and removes its o.xygen, lea\’ing behind the compound 
of carbon, hydrogen, and nitrogen called anilin, C'jHjNHj. 
It is from anilin that the brilliant colours mauve, magenta, and 
other purples and reds are produced, by acting upon it with 
o.xidising agents; and from it can also be obtained the beautiful 
series of anilin yellows, blues, and violet. 

The naphthalene that used to be used in the albo-carbon 
system of enriching gas, and which is now largely employed as 
disinfecting tablets and also as a source of other coal tar colours, 
is prepared from coal tar, which is distilled. The first portion 
consists of light oils, naphthas, etc., whilst the second portion 
is rich in phenols and cresols. The second distillate is a^ain 
distilled, and the residue left becomes semi-solid, owing to the 
separation of naphthalene, which on standing collects and cakes 
on the top of the oil. This is then removed, and pressed by 
hydraulic power in a hot press, each plate of which contains a 
steam pipe to heat it. The crude naphthalene so obtained is 
then redistilled; but it still contains a number df impurities, 
which would cause it to turn yellow. To get rid of these it is 
melted, and forced by steam ptessure into a steam-jdeketed 
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cylinder, where it is washed in dilute alkali to get rid of the 
phenol, and four times with strong sulphuric acid, to remove 
sulphonates, inetanajdithaleno, etc. It is then water-washed 
free from acid. 'I'hcse washings take about seventy-two hours. 
The naphthalene then undergoes a final distillation, after which 
it is melted in steam-jacketed coppers, and is ladled out and 
cast into sticks, blocks, or tablets, according to the use to which 
it is to be put. 

The distillate from the residue, rich in naphthalene, contains 
those invaluable disinfectants, carbolic acid or phenol, CjHjO, 
and cresol or cresylic acid, C,HgO, and the method now usually 
employed for their separati*n is to take the distillate from 
<he tar that comes over between 210° and 240° C. (410° and 464° 
F.), and wliich is generally known as “ carbolic oil,” and to heat 
it with a hot saturated solution of potassium or sodium hydrate. 
After it has been well agitated the mixture is allowed to stand 
for four hours, when the alkaline solution containing the carbolic 
and cresylic acid separates, and is drawn off and neutralised 
with sulphuric acid. The crude carbolic acid rises to the surface, 
and is* skimmed off and purified by fractional distillation and 
crystallisation. 

The fraction that distils over from the tar between 240° 
and 270° C. (4^4° and 518“ F.) is known as “creosote oil,” 
consists of a mixture of the higher homologues of phenol with 
various hydrocarbons, and is largely used for treating timber, 
such railway sleepers, etc., which have to withstand the 
action of decay. 

The fraction of the tar distilling at 270“ to 320" C. (518° to 
608° F.) is called “ anthracene oil,” and is the source from 
which anthraiyine, Ci4Hj0, is obtained in crystals by cooling, 
and is the 'tartins point from which the beautiful series of 
alizarin colours is derived. 

It has been estimated that from the tar yielded by a ton of 
good gas coal there can be obtained : —Half a pound of magenta, 
which will dye 375 square yards of material; one and a half 
pounds of carbolic acid ; six and a quarter pounds of naphtha¬ 
lene; half a pound of anthracene; besides a host of minor 
products used as medicines, as developers in photography, sugar 
substitutes, etc., so that during the last century tar has proved 
itself to be a veritable happy hunting-ground lor the chemist. 
In colouring matters alone over three hundred owe their source 
to this black viscid product of destructive distillation. 

The chemical composition of the coal exerts a considerable 
influence or^the compbsition of the tar, and Ste-Claire Deville, 
as the result of the La Villette experiments, came to the con¬ 
clusion that the higher the percentage of oxygen in tijp coal, 
the more tar and ammonia are formed, and the more hygroscopic 
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moisture is contained in the raw coal. There is no doubt tlial 
this is true as long as the hydrogen is above 5 per cent, and the 
oxygen does not exceed 12 per cent. 

I)r Bunte, in a series of experiments made on German coals 
in 1886, found the following ratios lor the oxygen in Ihe coal, 
and the amount of tar formed by carbonising them under nrilinary 
gasworks conditions:— 


Oxygen in the Ash- 
and 

Moisture-Free Coal. 

13-04 

11.64 

10.13 

8.27 


Kilos. o£ Tar per 100 
kilos, ol Coal 
Carlioniscd. 

5.22 

5-79 

5 - 3.5 

4-09 


It is seen from this that the quantity of tar rose with in¬ 
crease of oxygen up to 11.64 por cent., but showed a falling off 
above tliis amount, whilst as soon as a coal more in the nature 
of a cannel was used, containing 7.27 per cent, of hydrogen, 
the amount of tar became largely increased, although the oxygen 
was under ii per cent.: 

10.78 8.81 

Many ol the, modern experimentalists have determined the 
tar produced from coal of various compositions, but unfortunately 
they have worked with small quantities of material, varying 
from a kilo, to a gram. Small scale experiments of this kind 
are useless as far as the volume of tar is concerned from a work¬ 
ing point of view, as in those experiments the tar vapour escapes 
freely directly it is formed, with the result that^ a }ncld of tar 
considerably above that obtained in practice is produced, 
whereas in practical working the tar vapour distils forward into 
the cool mass of coal and condenses there, to be in part redistilled 
as the heat reaches it, leaving behind pitch as a luting material 
in the mass. From results on a large scale, however, it is quite 
clear that when a coal of the flaming class is being distilled 
a large proportion of tar is undoubtedly formed, but of a weak 
and watery character, owing to the fact that the volatile matfer 
in such a coal contains a larger proportion of humus bodies than 
of the resinous and hydrocarbons. If, however, a coal contains 
10 to II per cent, of oxygen, and at the same time hydrogen 
well above 5 per cent., it is an indication that the oxygen in 
such a coal is there largely as resinous bodies, and the tar dis¬ 
tillates are in consequence high and rich hi heavy hydrocarbons. 

It is to be noted that the composition of the tar' also as well 
as the quantity is affected by the constitution of the coal todies, 
and I "have noticed that mth low temperature carbonisation a 
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coal rich in oxygen invariably gives a tar rich in phenol and cresol 
and in a senes of low temperature distillations of various coals, 
made by Bomstein, he found that with high oxygen he obtained 
large proportions of oxygenated compounds like phenol and 
cresol, but at the same time the paraffins were low. 

We have already seen that the percentage of hydrogen 
present in the coal is a strong indication of its character; per¬ 
centages above five showing preponderance of resin bodies, 
whilst when the hydrogen falls much below five, and the coal 
is rich in oxygen, it is chiefly humus bodies that are present. 
As it is liquid products of destructive distillation of resin bodies 
and hydrocarbons which yiel^l the coke-binding material and 
ychest tar, it is evident that when the oxygen has risen to the 
point that indicates a high humus content, a poor tar will 
alw.ays be found. A very good proof of this is that directly 
the humus and consequently the oxygen gets above a certain 
limit, th(! coal becomes non-coking. 

Tar as made in the manufacture of gas, that is, at tempera¬ 
tures Ix-tween 900° and 1000° C. (1052° and 1832° F.), is a 
product which bears very little resemblance save in colour to 
the liquid products that first distil from the coal, being built 
up largely of the products of secondary reactions taking place 
at the high temperature of the retort, such actions being 
re^onsible for the formation of naphthalene and many of 
the aromatic hydrocarbons. If the temperature falls, owing 
to bad furnace arrangements, to between 600° and 800° C. 
(1112° 3 nd 1472° F.), then these secondary actions arc checked, 
and members of the saturated and naphthene scries of hydro¬ 
carbons begin to make their appearance. These so complicate 
the s(?paration of the benzene and other valuable constituents 
of the tar that the distiller fights shy of them, and the gas 
manager gets the idea that low temperatures ruin his chief 
liquid residual. If, however, the temperature be dropped to 
between 400° and 500° C. (752° and 932° F.), the character of 
the tar alters entirely. 

The tar varies in quantity with the coal used, and is some¬ 
times as high as 23 gtiUons per ton, and in most cases averages 
20 gallons. This low temperature tar is very distinctive in its 
chajacteristics. It has a specific gravity of about 1.075, is very 
liquid, and contains an abundance of light solvent oils, very low 
aromatic hydrocarbons, very little phenol, but large quantities 
of cresol, no naphthalene, and very little anthracene, whilst 
the free carbon is as a rule below 2 per cent. 

The very low perceirtage of benzene in the light oils is made 
up for by tSe presence of paraffins, such as hexane, heptane, 
and octane, whilst there are also present considerable quantities 
of napllthenes. hexahydrides, or hexa-lydro-benzenes. 
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Carbolic acid occurs in very small quantities, but its higher 
hornologucs, such as cresylic acid, etc., occur in much larger 
quantities than in coal tar. There arc also present quantities 
of polyhydrie phenols, or other esters of the type met with in 
coal tar, whicli form resinous masses difficult to investigate. 
The pitch left as a residue amounts to about 40 per cent, of the 
tar, and is of very fine quality, owing to the practical absence 
of free carbon. 

The average tar yielded by coal carbonised between 400° 
and 500° C. (752° and 932“ F.) gives on distillation the following 
results:— 

Specific gravity • , ■ ■ t.07.5 


Distili.ation on 2274 cc. (0.5) Gallon 




Per cent, 
by vol. 
on Tar. 

Specific 
(Gravity. 

Volume 
of 1 -fydro- 
carbons. 

Tar Acids 
recovered. 

Water . 


2.64 




Light oil, to . 

170° c. 

3.10 

.844 

^.10 

• • • 

Carbolic oil, . 

170“-225° 

1372 

•959 

8.62 

4.8 

Creosote oil, . 

223“-24'o° 

8.3,3 

.9883 

4.64 

3.1 

Anthracene . | 

240‘’-270" 

8.3,3 

•9923 

.3.45 

2.5,3 

27o°-,';oo'’ 

8.80 

1.029 

C.60 

1.70 


3oo°-7,20° 

12.31 

1-033 

8.80 

3.1a 

Pitch, by weight on vol. 

41.71 


Bases recovered 


1.32 





Light Oils 



IVrcRntago distilling 

below— 

CalculAed on 

Tar. 

100” 

C. 

13.6 by vol. 

0.55 


120 ° 


31.2 


1.09 


140° 


54.7 


1.91 


170° 
Over 170° 

and loss 


0.20/0 


The ammonium sulphate amounts to only 12 lbs. per ton of 
coal, the temperature being too low for large production. * 
From these results it seems more than probable that the 
primary products of decomposition of the coal are those which 
are produced during the actions taking place in its formation, 
i.e. methane, carbon dioxide and water, plus those compounds 
formed by the rising temperature and* consisting of the first 
nine or ten members of the paraffin series, na^thenes, and 
oxygenated hydrocarbons like cresylic acid. The action of 
heat lipon these starts at once secondary reactions, and ^ives us 
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gaseous and liquid coinpotinds identified in low temperature 
gas and tar, whilst at higher temperatures these in contact with 
the highly heated coke envelope of the decomposing coal undergo 
further actions, analytic and synthetic, and, becoming diluted with 
poor gas from the residual pitch left in the low temperature coke, 
yield the higli temperature coal gas and tar. 

The gradual alteration in the character of the tar with rise 
of temperature is well shown by analyses made by Lewis T. 
Wright of the tar obtained by distilling a Derbyshire coal at 
temperatures varying from Goo" C. (1112° F.) to the ordinary 
retort temperature 


Co.tL Emi’i.ovkj) 


Carbon 


Hydrogen 


Oxygen . 


Nitrogen . 


Sulphur . 


Ash 


Yield of gas, c. ft. |)er 

ton . 

G.Goo 

Sptcific gravity ul tar 

l.o8b 

Composition oi tar by 
weight: 

Ammoniacal liquor 

1.20 

Crude naphtha 

9.17 

Light oil • * ■ 

10.50 

Creosote oil . 

26.45 

Anthracene oil 

20.32 

Pitch . 

28.89 


Si.qi 

0.88 
I .’8 

1.97 

2.56 


7,200 

8,()ou 

10,162 

11,700 

1.102 

1.140 

1-154 

I.2OO 

1.03 

1.04 

1.04 

0-3S3 

O'bS 

. 3-73 

3-45 

0.995 

7.4b 

4-47 

2-59 

0.567 

2.5-83 

27.29 

27-33 

19.440 

13-57 

18.13 

13-77 

12.280 

36.80 

41.80 

47.67 

64.080 


This table iUustrales very strikingly the changes wliich 
took place in the tar in the first few years of the century, when 
the gas manager, having to deal with a reduction in the illuminat¬ 
ing standard imposed by Parliament on his gas, attempted to 
do so by pressing the temperatures to as high a point as possible 
with six-hour charges, and as a result made tar which was but 
little more than creosote oil, naphthalene, and pitch. The former 
analyses do not show the important fact that in the pitch the 
free carbon rose from 2 per cent, in the low temperature tar to 
over 30 per cent, in that obtained at the highest temperatures. 

A very interesting point in this investigation was that the 
five samples of crude naphtha were anal5'sed for paraffins, with 
the following results ;— • , 
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Specific (Jravily 
of Tar. 

1.086 
1.102 
1.140 
1-154 
1.206 


Percentage of 
Crude Naphtha 
by volume. 

5-0 

4.0 

1-5 

I.O 

1.0 


which again Ifrings out the fact tliat tlie jiarairm series ;ire 
prolfably primary products ot tlie decomposition of tlie coal ; 
and this is further confirmed by the fact that wIk'ii coal is 
distilled under reduced pressure it e.xhibits the same characte-- 
istics as low temperature tar. 

The new methods of carbonisation, in heavy charges, vertical 
retorts and chambers, have made a great improvement in the 
quality of the tar, by allowing the first two-thirds of the charge 
to distil under conditions which provide a cool es<'ape for the tar 
vapours. Mr Drury has given the composition of tar from 
Dessau verticals as used at .Sunderland in comparison vvith tar 
from horizontals as follows ;— 



Vertical. 

Jlorizonlal. 

Specific gravity . 

I.IIJ 

1.220 

Free carbon 

4.0 

17.25 by weight 

Tar acids 

Distillate— 

5 -.i 

3 -i> 

up to 170° C. . 

j.;.o 

4-9 

,, 270“ 

24.0 

18.4 

350“ 

q.o 

q.o 

( 0.6 

Pitch . . . . 

50.0 


Mr J. G. Newbigging contrasts tar from the Glover-West 
continuous, vertical installation at Manchester with tar from 


horizontals as follows :— 

Vertical 

Horizontal. 

Specific gravity . . . . 

1.074 

1-193 

Free carbon . . . . 

Distillate per cent, by vol.— 

3-1 

17.67 

up to 170° C. 

9.1 

4-5 

„ 270“ 

25-7 

12.0 

„ 350° 

24.9 

19-5 

Pitch, by weight 

46 

57-0 


The tar from fully charged horizontals shows an equally great 
improvement of the same character. 

It has always been felt by the gas engineer that tar meant 
a great waste of vaporised carbon, which, if it could be kept 
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in the gaseous form, would give an enormous addition to the 
gaseous products, and would represent a large proportion of 
heat and light. Exix^riment, however, has shown that the 
gasification of tar and tar oil is a mo.st thankless task to under¬ 
take, and most gas engineers look upon it from the point of view 
taken by Lewis T. Wright- that tar is a child of high temperature, 
born in the heat of the retort, and so thoroughly acclimatised 
as to resist all further attempts to gasify it successfully. 

As regards the cliief portions of high temperature tar—pitch, 
naphthalene, and the higher aromatic hydrocarbons—this is 
true, but, as we have seen, h)wering the temperature of dis¬ 
tillation increases the yield of tar, and it seems clear that a 
large proportion of it is duo to primary action, and consists of 
paraffins, naphthenes, and other hydrocarbons, wliich would 
lend themselves to gasification, as well as the oxygenated and 
“ cycle ” derivatives which are more resistant, whilst naphtha¬ 
lene, anthracene, etc., arc absent. It is evidently worth while 
to see how far tar of this character can be gasified, and whether 
it is economically kdter to do this than to utilise it for other 
purposes. 

In the early ’eighties, Ixwis T. Wright made a number 
of experiments on the gasification of tar and tar distillates 
by])assing them into a retort filled with lime and heated to 
iloc“ C. (2012° F.), and obtained the, following results :— 

Tar .* . 30,700 cub. ft. per ton. of 12.5 candle-power gas. 


Crude naphtha 10,130 ,, ,, 20.3 

Up to j7,ooo ,, ,. 14.3 

Light oils . 18,000 ,, ,. 16.0 

Up to jo,ooo „ ,, 13,3 

Creosote oil 13,000 ,, ,, 14,00 

Up to 29,300 „ ,, 8.5 


Now, tar in those days was tar, and not creosote oil, pitch, 
naphthalene, and free carbon, and yet on these figures it was 
decided that tar as a source of gas was “ dear at a gift,” owing 
to the ubiquitous naphthalene obstructions and troubles that 
followed any attempts at gasification. 

I have made many experiments upon this subject, and the 
conclu-sions to^ wluch I 'came long ago were that tar, once 
obtained in the liquid state, could be utihsed for the purpose 
of gas-making only in one of two ways; 

I. Dlktil off the naphthas, light oils, etc., which come over 
below 240° C. (464° F.), and gasify these* or 
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2. Inject the tar into a mass of incandescent coke, so as to 
break it into hydrogen and methane, having a sufficient 
column of red-hot coke to filter off the deposited carbon. 

If the ton of coal yields at low temperatures 20 gallons of 
1.07 specific gravity tar, it is found that 25 pen cent, of it will 
distil below 240“ C., leaving a residue perfect for road-making. 
The 25 jX'r cent, of distillate represents about 50 lbs, weight, 
and on gasification will 5deld 10 cubic feet per lb. of 15 to 16 
candle-power gas, and therefore by this method there is 
obtained an addition to the gas from the ton of coal of 500 
cubic feet of good lighting and .heating gas, and 15 gallons of 
good road-making tar. 

If on the other hand the tar be returned into incandescent 
coke so as to decompose it entirely, the 20 gallons will yield 
1500 to 2000 cubic feet of a mixture of hydrogen and methane 
with oxides of carbon, having a thermal value of between 400 
and 450 B.Th.U. 

Taking the tar, even of the quantity and quality yielded 
by such a ])rocess, no economy is to be found in converting it 
into gas by any other than the most simple expedients of the 
same character as the one utilised by Settle, of sinqily returning 
it to the retort. This applies to tar after it has been condensed, 
and not to nascent tar in the gaseous state as it leaves the de¬ 
composing coal. 

At the beginning of the last century, when Clegg, Malam, 
and others had grasped the importance of preventing the de¬ 
gradation of the gases by contact with hot carbon, and wore 
trying to avoid it by carbonising in thin layers, it was commonly 
believed that if coal were distilled in layers les^ than two inches 
in thickness no tar was formed. This, of course, is nonsense, 
as any one can see by heating a gram of coal in the bottom of 
a test tube ; but under the conditions of their experiments 
none or very little came over, and the reason is the same that 
led to little or no tar being found in the Settle vertical retort. 

In Clegg’s web and rotary retorts a thin layer of coal was 
passed in a tray or on a web through a flat oven heated to a 
high temperature, which gave an enormous ratio of radiant 
surface to the weight of coal carbonised, and under these con¬ 
ditions the nascent tar vapours never had a chance of condensing 
into the vesicular form found in the brown tar vapour leaving 
the retort. It was superheated instead of being cooled, and 
bore the same relation to brovra tar vapour that superheated 
steam does to the condensing steam wh see leaving the spout of a 
kettle. Catch it in this nascent state and heat will gasify it, but 
if i^ once cools to brown vapour molecular condensations prevent 
it ever again being got in the gaseous state without alrtrost com¬ 
plete decomposition. The tar must pass direct from the coal 
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into a temperature higher than that which gave it birth, but not 
hot enough to do more than gasify it, and if any imjwrtant 
results are to be obtained from tar as a gas producer it 
will be on these lines, and carried out in a vertical retort, so 
that the radiant heat alone acts, and contact is reduced to a 
minimum. 

One of the most elaborate attempts to utilise the tar for 
gas-making was the Dinsmore process, in which the coal gas 
and the vapours which, if allowed to cool, would form tar, 
were made to pass through a heated chamber, and a certain 
proportion of othcrwis(^ condensible hydrocarbons was thus 
converted into ])ermanent gases. Using a poor class of coal, 
it was claimed that 9800 cubif feet of 20 to 21 candle gas could 
Be made by this process ; whilst by the ordinary process 9000 
cubic feet of 15 candle gas would have been produced. 

In the centre of each bed of six retorts, an empty retort, 
called the " duct,” was fixed, and through this the whole of the 
gas and vapour produced in the other retorts had to pass before 
rea<'hing the hydraulic main. The duct was kept at a bright 
cherry red heat (1700" F.=92()° C.), at the entrance, and at a 
dull red at the exit end (1200° F.=^639° C.), this gradation of 
heat being important, as if it were at a high heat throughout, 
the hydrocarbons would have been over-cracked, and a loss 
of illuminating power would have been the result. 

i From the duct an ascension pipe led the gases to the main 
by means of a bridge pipe, and this ascension pipe was provided 
with a water jacket, wliich caused liquid tar to condense and 
render any condensed pitch or carbonaceous matter sufficiently 
hquid to slide back down the pipe, and so prevented any chance 
of choking. 

Each retort* in the bench, besides having a connection with 
the duct, was also connected with the hydraulic main in the 
usual manner, but closed by a heavy seal. One retort of the 
bed of six was drawn and charged hourly, and as each retort 
was heated for six hours, and as the products of distillation 
vary according to the period for which the retort has been heated, 
this arrangement kept the average composition of the gases 
mingling in the duct fairly constant. 

•The quantity of tar produced by this process was roughly 
about two-thirds of the quantity made in the ordinary way, 
and was moreover very poor in light oils and tar acids, so that 
there can be but little doubt that the hydrocarbons and phenols 
were broken down into olefines and acetylenes. 

On analysis the Dinsmore gas gave the following com¬ 
position :— • 
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Carbon dioxide 
Illmninants 
Carbon monoxidi 
Methane . 
Hydrogen . 
Nitrogen . 


Specific gravity . 
Jlhiminating pow<'i' 
Carbon density . 
Hydrogen density 


0.23 

6.76 

8.10 

0-59 


100.00 

0.428 

22.3 candles 
2 .()() 

3.80 


In distilling the coal in the ordinary way the yield of tar 
was II gallons per ton, but by the Dinsmore process only 7 
gidlons. On examining the analysis of tile ordinary and Dins¬ 
more tar, it is at once evident that the four gallons which have 
disappear(al are the chief portions ol tin; light oils and i^rcosote 
oils ; and these are the constituents wliicli gave the increase 
of illuminating power to the gas. 

The economic, advantage of gasifying tar is purely a question 
of the price the tar commands. Supposing the tar could be so 
gasified, and yielded 120 cubic feet of gas per gallon of 12 to ,14 
candle-power gas, it would not be worth more than lod. per 
thousand in the holder, so that unless the price of tar is under 
a penny a gallon, it would not pay to use it for this purpose. 

Another method for the possible utilisation of tar is to 
break it up entirely by injecting it into a column ol incandescent 
coke, when it becomes decomposed into carbon, otddes of carbon, 
methane, and hydrogen. It is practically impossible to do this 
under any ordinary condition of decomposition, owing to the 
deposition of free carbon luted together by heavy pitch, which, 
as before noted, has in all attempts at gas-making from tar led 
to disaster. 

Mr C. B. Tully has got over this difficulty by making a 
generator in which the fuel column is nearly double that found 
in a carburetted water gas generator, and three times more 
than that in a blue water gas generator. It is the lower portion 
only of this which is raised to incandesence, by an air blast 
introduced through openings in the lower part of the generator. 
About midway up the firebrick lining nostrils connect with a 
flue passing entirely round the generator and opening into a 
stack pipe which is closed at the top by a snift valve. In this 
way the incandescent portion of the fuel is maintained at a 
definite height, as the products of the “ blow ” pass, away 
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through this flue, whilst the upper portion of the fuel is raised 
only to a moderate temperature. 

When the lu'cessary incandescence of the fuel has been 
attained, the air blast is shut off and the snift valve closed, 
and the exhauster is started. At the same time tar is injected 
into the fuel from th<‘ clear space below a projecting ring in 
the firebrick lining between the flu<‘ and the air injectors, 
and steam also is turned on at the bottom of the generator. 
This steam is directed upon the clinker and serves to break 
it up, and, passing U])wards, is then converted into water gas. 
The tar gets broken uj) into carbon and gaseous products con¬ 
taining a large proportion of methane, and these, mingling with 
the water gas formed from tlit steam, pass upwards through the 
generator. The carbon is liltered out by the cool charge above, 
and is used U]) as the fuel gradually sinks into the zone of 
combustion. 

The gas which fiiudly leaves the generator is a mixture of 
hydrogen, carbon mono.\id(', and methane, with a very small 
perci'ntage of carbon dioxide. From the generator the gas 
passes through the sci'uhber into the condenser to the exhauster, 
which Torres it into the holder. 

Methane-hydrogen, as the gas is called, differs from water 
gas in many respects. It burns with a yellow instead of a 
l)lue flame, due to the large volume of methane present, and 
t^e percentage of carbon monoxide is very much less. An 
analysis of methane-hydrogen nuide from coal gas tar gave 
th(' folbwing results : — 


Carbon dioxide . 

2.8 

Carbon monoxide 

28.8 

Unsaiurated hydrocarbons . 

0.8 

S.nturated hydrocarbons 

I().2 

llidrogd, 

42.4 

Oxygen .... 

0.2 

Nitrogen .... 

5.8 


The gas, owing to the quantity of the hydrogen and methane 
present, has a satisfactory thermal value. 

• We have seen the wide differences existing between low 
temperature tar and high temperature tar, and that these are 
due to the low temperature product containing a large proportion 
of paraffin hydrocarbons, and but little benzene and toluene, 
whilst the high temperature tar is rich in the aromatic hydro¬ 
carbons, benzene, tolyene, etc., and the paraffins are in such 
small quantities as to be almost negligible. 

For this reason tars of the low temperature type are called 
paraSinoid tais, and those made at high temperatur(js from 
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thin charges of coal are termed benzenoid tars. When, 
however, a mass of coal is carbonised, no matter how lugh the 
retort temperature, the heat penetrates the mass only slowly, 
so that the carbonising action is taking place at the lowest 
temperature at which the coal is affected by heat. If the 
vapours can escape without too mucli contact with the exterior 
red-hot mass, they begin at once to show paraffinoid character¬ 
istics, and as the presence of paraflins makes it difficult and 
expensive to extract the pure benzol, tar of this character is 
not appreciated by tlie far distiller, who lias in vii'w products 
for the colour industry. On the other hand, the higher tar acids 
found in the paraffinoid tar render tliem invaluable where liquids 
for disinfectants and for preserving timber are desired. 

We liave seen already that the newer methods of carbonis:t- 
tion, owing to increase- in thi- bulk of tin- charge, all ha\’e a 
tendency to increase the paraffinoid character of the tar yield, 
but these tars still retain many features of the old small charge 
tar, owing to the earlier portions distilled yielding low tempera¬ 
ture paraffinoid tar, and the later iiortions having to jiass through 
the hot outer crust of the charge, yielding benzenoid tar, 
so that the finished product is a mixture of the two. 

As the new methods of carbonis.ation become generally 
adopted, the benzenoid tar that characterised the nineteenth 
century will gradually disappear, and the supply of benzene 
will naturally be reduced ; but this will affect the colour industry 
but little, as it is centred in (lerinany, and they obtain most of 
the benzene from coke oven gas, whilst the new type of iar still 
contains plenty of anthracene. 

As the bulk of the charge affects the character of the tar, 
one would expect to find a considerable difference between 
coal tar as produced by horizontals worked under the old con¬ 
ditions and coke oven tar from the modern recovery plant. In 
the coke oven the mass of coal carbonised is far larger than in 
any retort process, and as the travel of heat into it is in con¬ 
sequence much slower and the temperature maintained for a 
longer period, one would a priori expect an even larger proportion 
of primary products in both gas and tar, but a further considera¬ 
tion of the question shows several factors that would militate 
against this. ‘ 

In the first place, crushed coal is used. In the next, 
the charge is fed into the chamber under pressure, and is 
generally wet, whilst the temperature in the upper part of 
the chamber is higher than in a retort, and the mass through 
which the gas and tar vapour have to fnd their way is much 
greater. 

The improvements in modern carbonisation are due, as we 
have ^en, to two causes— (a) distillation at low temperature 
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as the heat passes slowly into the mass, and (6) a cool exit for 
the products. Although in the coke oven wo have the first 
condition, the second is wanting, and the wet compressed 
mass of smalls, by hindering the passage of the gas and vapours, 
drives more of them into hotter zones, in which both gas and tar 
vapour become to a large extent degraded and more aromatic 
hydrocarbons are formed, so that coke oven tar is nearer to the 
lightly charged horizontal retort tar than to the modern more 
I)araffinoid tar, 

A sample of tar from Simon-Carves ovens, as analysed by 


Watson Smith, gave : 

Below 120° 

6. J per rent 

water by vol. 

2T0“ 

l.b 

naiditha. 

210" 

2.9 

oil. 

220'' 

1-3 

oil. 

230° 

o .,5 

naphthalene. 

300” 

i8.() 

naphthalene, anthra¬ 

Above 300" 

34-2 

cene, and oil. 
anthracene and oil. 

‘Residue 

.50.5 

half-coked pitch. 

Another sample after redistdlation and treatment gave : - 

Water . 


10.00 

Benzol . 


0.50 

Solvent naphtha 


o.Oo 

Heavy naphtha 


0.40 

Crud<^ carbolic at 

id '. 

0.05 

Crettsote oil 


46.50 

Anthracene 


0.74 

Pitch #. 


41.21 


A fair average yield from a modern coke oven is 4.5 per cent, 
of tar, or roughly nine gallons, so that in quantity it is a little 
less than from gas manufacture. 

A more recent analysis from Semet-Solvay coke ovens gives 
the following results :— 

Si)ecific gravity, 1.170. 

Por cent. 


Light oil, 8 o°-170° C. . . . 3.7 

Middle oil, i70°-230° C. . . 9,8 

Creosote oil, 230°-270° C. . . 12.0 

Anthracene oil, 270° C. . . 4.3 

Pitch . . • ■ • • • 67 0 

Wafer. 2.3 


Th« tar obtained by distilling coal in a vacuum, or father 
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under largely reduced pressure, has all the characteristics of 
the low temperature tar obtained in the manufacture 
of coalite, which confirms the view that the constituents 
that give these tars a paratlinoid character arc primary 
constituents. 

Another source of coal tar, or rather tar from coal, as it 
varies in composition widely from the tars yielded by the gas 
industry and coke ovens, is blast furnace tar. In most blast 
furnaces for the production of ]iig iron only the best metallurgical 
coke is employed, as the fuel has to be built Up with alternate 
layers of iron ore to a considerable depth in tlie furnace, and 
it has to bear a considerable crushing strain as well as the attrition 
during the sinking of the charge in’the furnace. 

It is manifest that an ordinary bituminous coal could nof 
be used for this purpose in jilace of coke, because, as the heat 
reached it, softening and caking of the mass would take place, 
and as the temperature rose arches of coke would lorm and 
upset the whole working of the furnace. In certain parts of 
the west of Scotland, however, then' are large dejjosits of what 
is known as siilint coals, which are flaming coals rich in oxygen 
and which do not soften, caki', or swell when heated, Imt yield 
a fairly hard coke, of the same size and shape as the original 
coal, and a number of Scotch iron works and a few nortli of 
England works use this coal direct in the blast lurnacc, as it 
cokes as the heat reaches it and answers well in practice. T|je 
following analysis oi such a coal will give an idea of the com¬ 
position ;— . 

Sn.INT Co.\L 


Carbon .... 70.05 

Hydrogen .... »j.24 

Oxygen .... 12.08 

Nitrogen . . . . i.3(> 

Sulphur .... 0.75 

Ash .... 6.72 


Up to 1880 the gas and tar distilling from the top of these 
furnaces burnt to waste, but about that date attempts began 
to be made to fit the top of the furnace with a counterbalanced 
cone, which allowed the charges to be shot into the furnace 
but prevented the escape of tar and gas, which were led off 
through an exit pipe just below it, and allowed the recovery 
of tar and ammonia and thi' utilisation of the gas for power 
purposes. . 

Watson Smith, who has probably done more good work on 
the composition of English tars than any other observer, gives 
the composition of blast furnace tar as follows:— 
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Specific gravity, 0.954. 

Distillate below 250" C. 

23o°-3oo° C. 

300° until oils solidify 
Paraffin scale . . . . 

Coke . . . . . 

Loss . . . . . 


Volume. 

Weiglit. 

Sp. Gr. 

30.60 

32.3 

i.o 7 

2.91 

2.8 

0.899 

6.97 

7-1 

0.971 

13.02 

I 3-.5 

0.994 

if >75 

i 7 -.i 



21.5 



. 5-5 



As might be expected from the high oxygen in the class of 
coals used, the tar contains a large proportion of phenols. 
Indeed, it used tf) be known as " pJienoloid tar,” only small 
traces of toluene, .xylene and naphthalene being ])re.sent, 
wliilst benzene and anthracene are absent. The carbolic acid 
and cresol are low, but the jdienols of higher l)oiting point arc 
abundant. 

1 made many attempts to crack this oil in such a way as 
to yield illuminating gas but failed. It is, however, largely 
used f(^r pickling sleepers, and also in spray lamps of the Lucigen 

A tar which, although not derived from coal, is often met 
with in gasworks is “water gas’’ tar, formed by the cracking 
of oil in the carburetting of water gas, an analysis of which is 
gjven by Matthews and (loulden as follows : -- 


Benzene 
Toluene 
Paralfins . 
Solvent naphthas 
Phenols 
Middle oils 
Creosote oils 
Naphthalene 
Anthracene 
Coke 


1.19 

•83 

8.51 

17.9O 

trace 

29.14 

24.26 

1.28 

0.93 

9.80 






CHAPTER VIII 


COKE 


The formation of coke—^Diistinction between retort and oven carlionisation 
—Characteristics of good coking coal—EJfect ol oxygen on the coking 
properties of coal—^Work of Anderi’on and Roberts on the coking of 
coal—^Xem^Hiraturc of the formation of coke- Burgess and Wheeler j 
experiments on low temperature coke—Nature of the luting material 
in coke—Probable true cause of the bindmg—I'-ttect of rate of heatmg 
on the coking of coal- -Parry’s researches on the gases in coke — 
Analysis of the ash of coals— The eflect of temperature on the appear¬ 
ance of coke—Beehive coke- - Coking in ov(‘ns- I’roperties of the 
coke yielded hy various coals—Reasons for tlic coking of coal- - 
Metallurgical coke—Gas Coke—'llie use of coke as a domestic fuel 
—Smoke production—The burning of coal in an ordinary giatc • 
Special forms of grate—Tlie distribution of heat in a domesitc fire- -- 
Drawbacks to the use of coke as a domestic Inel -Low temperature 
coke —Coalite—Coalexld—Charco 

Coke is the name given to the solid residue left by the destructive 
distillation of coal and many other carbonaceous substanous, 
and contains as its chief constituent carbon, together with the 
mineral matter or ash of the original body, such portions of the 
residues as the temperature employed has failed to drive out 
of the mass, and occluded gases. 

Many points with regard to the character of the coal and the 
coke formed from it have been of necessity alretldy mentioned 
in discussing the composition of coal and other subjects con¬ 
nected with it, but in passing the whole subject under review it 
will be necessary to refer again to several of these. 

The whole end and aim of carbonisation is to obtain as mucli 
as possible of the energy stored in coal in the condition most 
applicable to the uses for which it is to be employed. As 
these vary over a veiy wide range, practical experience has led 
to the destructive distillation of coal being carried out moAly 
under two distinct sets of conditions—^the one aiming at obtain¬ 
ing the maximum result from the gaseous products, and the 
second at obtaining tlie best possible coke. 

Of late years many attempts have been made to bring into 
line the two great industries of gas-ma 4 ing and furnace coke 
production (both dealing with the destructive distillation of 
much the same class of coal); but in most cases a lack of ap¬ 
preciation of the principles underl3dng the complex actions 

1B6 
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taking place during carbonisation has proved an obstacle to any 
important advance—each industry viewing the problem from 
its own particular standpoint, and failing to grasp the wide 
differences between substances made as the result of a process 
designed for their special production and the same bodies when 
they are made as a by-product. And even now that a process 
of gradual evolution has led to carbonisation in bulk being 
carried out in piactically identical forms of apparatus, i.e. the 
Continental chambers for gas making and the by-product re¬ 
covery coke oven for coke, yet the same factor has led to totally 
different practice. 

h'urnace coke, as an e.vaftiple, must have certain character¬ 
istics to fit it for metallurgical work, which cannot be obtained in 
the ordinary processes of making good illuminating gas ; whilst 
if the gas is to satisfy the parliamentary requirements laid down 
for most large town supplies, it is useless to expect to obtain 
the same volume of it from a coke oven that you would from a 
gas retort. So that whilst the gas manager hankers after the 
econopiics incidental to carbonisation in bulk, he is constrained to 
work with much smaller charges in order to obtain the necessary 
(|uality and quantity of gas ; and although he uses temperatures 
quite as high as the coke oven manager, he misses the factors of 
time and mass that arc necessary for a good furnace coke. 

. Coke is made by the gas manager for the simple reason that 
he cannot make gas without having coke left as a residue ; and 
as he devotes but a small portion of his attention to its quality, 
it is evident that it will not be as good as the product of the coke 
oven, to the properties of which every care has been given. 
However made, coke has certain marked physical and chemical 
characteristic^, which are dependent upon the nature of the 
coal use(', the temperature employed in carbonisation, and the 
rapidity with winch the heating has been carried out. 

We have seen that it is only certain classes of coals that on 
carbonisation yield a coherent coke, and that when a coal con¬ 
tains less than a certain proportion of volatile matter, or too 
large a proportion of volatile matter (when this is due to oxygen¬ 
ated compounds), the residue is of a non-coherent character, and 
iS useless as a coke. 

For a coal to give a good coke it must be sufficiently fusible 
under the influence of heat or give sufheient liquid products of 
not too volatile a nature at a low temperature to cause the 
particles of residue to adhere. We know that humus bodies do 
not fuse, nor does the*carbon residuum formed by their degrada¬ 
tion, whilsf the resin bodies and hydrocarbons both fuse below 
350° C. (482° F.), so that even from this it is a fair inference that 
the tesin bodies and hydrocarbons derived from them, are the 
coal compounds that condition the,coking. 
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In a fine research made upon the coals of the Clyde basin, 
Carrick Anderson and Roberts showed that the coals of the 
upper scams, i.c. those of most recent formation, were non¬ 
coking, like the ell main and splint coal; that at a greater depth 
you obtain semi-coking coal, like the Drumgray coals ; whilst 
the lowest and therefore oldest seams are true coking coals, like 
the Haughrigg, Bannockburn main, and Kilsyth coals. 

Taking, now, the average composition of the coals of each 
class, ash- and moisture-free, we obtain : - 


C.arbon . 

Hydrogen 
O.xygen . 

The coking powers of these coals were then estimated by 
Campredon’s sand test, and the averaged ratios are :— 

I. ir. Ill. 

.i -9 4-4 ij -5 

We have seen that the outstanding difference between the 
humus and resin constituents of the coal bodies is that in the 
former there is a large excess of oxygen over hydrogen, whilsf 
in the latter the hydrogen is at least equal to and sometimes 
higher than the oxygen. The composition of tlie three classes 
of coal shows clearly that the factor which has made the oldest 
coal a coking coal is the more complete degradation of the humus 
with elimination of oxygen, bringing the resin bodv’s and hydro¬ 
carbons up to a percentage which will supply enough luting 
material on decomposition to give a satisfactory coke. 

As the hydrogen and oxygen in the resin bodies are nearly 
equal, if we deduct the percentage of hydrogen from the oxygen, 
the amount of surplus oxygon should give a rough indication of, 
the ratio in quantity of the humus in these classes of coals, and 
on doing so we find :— 

(1) 10.10-5.55=4.55 

(2) 8.98-5.48=3.50 

(3) 7.22-5.36=1.86 

We see that as the surplus of oxygen increases the coking 
power falls, because the humus gets more j-nd more in excess. 

Anderson and Roberts made a large number of oKperiments 
with the coals to ascertain if possible the causes of coking in 
some cojis and not in others, and they found, as we have already 
seen, that with a feebly- or semi-coking coal, the coking property 


Non- 

Cokiv,K 

82.65 

5-55 
10.10 


Somi- 

Cokmg. 

JI. 

8^.l(> 

5.48 

8.98 


Cokiiif? 

JIT. 

85-41 

5-36 

7.22 
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can be destroyed by treatment with caustic potash, and also by 
atmospheric oxidation at a slightly elevated temperature, but 
that with a strongly coking coal, although the coking property 
might be weakened, it was not destroyed. We have also seen 
that the effect of pyridine on a coal has the same result. 

They also made the interesting observation that when these 
coals were heated to a temperature of 300" C. {.572° F.) for three 
hours in an atmosphere of dry carbon dioxide, instead of 
gaining in weight as they did when heated in air to between 
100° and 130" C. (212" and 302° F.), they lost in weight, and that 
the non-coking coals tost the most and the coking coals the least, 
that is, the humus todies were even at this temperature beginning 
^o decompo'' The same experiment showed that after this 
treatment ' . percentage oi coke was increased (probably fixed 
carbon is .eant, as only tliree of the coals coked), and that in 
the feck -coking coals the pow('r of coking was entirely de¬ 
stroyer’ Put only impaired with the true coking coals. 

IT /in these observations the authors conclude that in all the 
coals resinoid bodies exist, which can be saponified by caustic 
potaslT, and which alone are accountable for the coking of semi- 
coking coals. In addition to these, in the true coking coal there 
is a constituent not so easily, if at all, acted U])on by alkalies, 
oxidisable in air, but not volatile at 300“ C. (572° h'.). 

, They find also that the time coking coals melt in an atmo¬ 
sphere of carbon dioxide at 317° C. (603“ F'.), and this they take 
to be the melting point of the constituent referred to. 

My own view is that this constituent is the hydrocarbons 
derived from the rc'sin bodies, and that in a strongly coking coal 
they condition the coking after the unaltered resins have been 
oxidised or safionified. 

If we take the proximate analysis of humus and of resin we 
find that the humus decomposes and leaves about 45 per cent, 
of fixed carbon, whilst the resin practically all distils off as gas 
and tar vapour, the hydrocarbons doing the same unless the 
heat is very high, in winch case they also partially decompose to 
carton, or at any rate their products do. 



Kesin. 

Humus. 

Moisture 

0.69 

2.59 

Volatile matter 

97-97 

51-71 

Fixed carbon . 

0.81 

44.67 

Ash 

0.53 

1.03 


100.00 

100.00 


\^en these coal substances decompose, the tar which distils 
from the humus bodies is a watery phenoloid tar which (foes not 
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easily decompose, and as the heat slowly passes into the mass 
of carbonising coal distils forward in front of the rising tempera¬ 
ture, and leaves behind but little pitch. The tar from the resin 
bodies is a rich oily tar, which also freely distils forward, but 
leaves enough pitch to have a distinct binding effect, whilst the 
hydrocarbons yield a heavy viscid tar that decomposes with 
deposition of pitch as the heat acts upon it, and is the strongest 
factor in the formation of coke. 

The question now arises: At what temperature is coke 
formed ? As is well known, the coalite process was based en¬ 
tirely on carbonising coal at 420° C. (800 F.). When heated at 
tlris temperature all coking coals yield a good, although not very 
hard coke, but the coke structure was completed, and beyond 
a shght hardening effect and driving out the remaining volatile 
matter, heating up another 550° C. (990° F.), has no physical 
effect upon it. Below 400° C. (752° F.), the residue was “ tacky,” 
that is, there was a little undecomposed tar left, so that 400° 
to 420° C. may be taken as the formation heat of coke. 

Moreover it is clear that at this temperature all the coal con¬ 
stituent that gives coking is destroyed, as if the low temperature 
coke is broken up and put back in the retort, and the heat raised 
to 1000° C, (1832° F.), no sign of any further adherence between 
the particles shows itself, and a broken up mass is drawn. 

Messrs Burgess & Wlreeler in their paper “ On the Volatile 
Constituents of Coal,” published in the Journal of the Chemical 
Society in April iqii, notice that between 700° and 800° C. 
(1292° and 1472° F.) there is an increase in the quantity of 
hydrogen yielded by the carbonisation of coal, and conclude 
that a compound exists in coal which decomposes rapidly at 
tills temperature, yielding hydrogen alone (or postibly hydrogen 
and the oxides of carbon) as its gaseous decomposition product. 

“ Coal also contains a compound of less stabihty to the action 
of heat which yields the paraffins as its gaseous decomposition 
products. 

“ Fractional distillation of coal in a vacuum confirms tlris view. 
It is possible by prolonged exhaustion at a low temperature to 
remove entirely the paraffin-yielding constituents, and leave 
behind a compound which decomposes at a higher temperatu'c 
and yields hydrogen.” 

The “ hydrogen-5dclding constituent ” they consider, is a 
degradation product of cellulose, and the ‘‘ paraffin-yielding con¬ 
stituents,” as most probably derived from the resins and gums 
originally contained in the sap of the coal,plants, and these forth 
the cement of a conglomerate of which the cellulose^ derivatives 
are the base. 

I agree entirely with their last conclusion, and as long ago as 
1890, in a paper on “ The Sixrntaaeous Ignition of Coal,” read 
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bcfoif tlic Institution ol Naval Ardiitccts, (U'finvd coal as being 
formed “ from the woody fibre and resinous constituents of a 
monster vegetation which flourished long before the earth was 
inhabited by man,” but 1 quite disagree with their theory that 
coal contains two types ot compounds of different degrees of 
ease of decomposition, the one derived from the cellulose (which 
1 have called ‘‘ humus liodies ”), decomposing only above the 
critical period,” of decomposition, which they define as 
between 750° and 800" C. (1382° and 1472° F.). 

Apart irom the evidence alreaily adduced that cellulose itself 
and its immediate deii\atives decompose at comparatively low 
temperatures, valualde evidence should be obtainable from the 
residue of coal th:it has been heated to temperatures below 
7)50^’ C., as these will manifestly contain the bodies which decom- 
jKise between 750" and 800" C. 

VVe ha\-e seen that the coke hotly is formed below 450" C. 
(842° F.), that the compounds which give the luting material 
are already used up at that temjKTature, and that on powdering 
the mass and again carbonising at a high temperature, no further 
adhesion takes place between tin' itarticles, but it is found that 
the low temperature cokc' yields as large or an even larger volume 
of gas at tc'mperatures between 450° and 1000° C. as it does 
below 450" C., that is to say, the compound left in the low 
temperature cuke has very high gas-making properties. The 
crthiposition of the gas so ex’olved is approximately';— 


Hydrogen 


Saturated hydrocarbons . 

18.26 

Unsattirated hydrocarbons 

0.52 

Carbon mono.xide . 

Carbon dioxide 

6.30 

2.09 

Nitrogen 

1.70 


And it is evident that the compound that yields this gas is that 
which Burgess and Wheeler consider a degradation product of 
cellulose. 

If now we analyse low temperature coke, we find from its 
ultimate composition that, like the coal from which it was made, 
it cAitains carbon, hydrogen, and oxygen, but that the ratio 
between these elements has undergone considerable alteration, 
decompositions of the primary products with formation of gas 
and tar having, as one might expect, reduced the percentage 
of hydrogen and oxygen in a greater ratio than it has the carbon. 

If, as Burgess and Wheeler suppose, the action below this 
temperature has been an elimination of the resin bodies and 
a survival of the cellulose derivatives, which 1 have ^ed 
“ humus bodies,” the ratio of hydrogen and oxygen remmning 
1. 
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will clearly indicate this, as we liave already seen that tte 
marked characteristics of this class are high oxygen and low 
Cixigen In the coal itself this has been to a certain cx en 
m\skcHl by the resin bodies, the characteristics of which -w that 
the hydrogen is if anything in excess of the oxj’gen, and those 
having bem eliminated, there would be 

evidence of the preponderance of oxygam, wliicli m the carhe 
primary reactions would have been I'limmated in smallei pro¬ 
portions than the hydrogen. , 

Selecting a coal high in oxygen as being most likely to con 
tain a largcMU-oportion of the eelliilose derivatives, its ci.mposi- 
lh!n behire and lifter carbonisation at C. is given below : - 


Carbon 

Hydrogen 

O.xygen 

Nitrogen 

Sulphur 


Orij^inal 

foal. 

fii.'U 

4 .W) 

io.f)5 

!.()() 

1.20 


l<ci»u)ue after 
Carlwnisatioii nt 

,150“ r. 

;i.d« 

O.fll)' 

1.18 


This certainly shows no concentration of o^yffcii. but, as one 
would expect, a decrease in comparison to the hydrogen. 

A second coal lower in oxygen was then taken and carbon¬ 
ised at the same temperature as before, the result being . 


Carbon . 
Hydrogen 
Oxygen . 
Nitrogen 
Sulphur . 


Original 

Coal. 

85-St* 

5.00 
7.11 
0.98 
1-35 


Kosidiic uflcr 
Curlmnisation at 

■1.50" c. 
(842" F.) 

87.59 

4 .o('> 

().03 
I.of) 

1.27 


So that here, again, more oxygen than hydrogen was eliminated. 

Bornstein also made a long senes of experiments on the com- 
Dosition of coal, and the residues after distillation at 450 C., 
which show results of the same character and make it perfectly 
dear that no selective destruction of the resinoid bodies and 
cnrvivsl of the cellulose derivatives has taken place. 

The question now arises as to what is the nature of the luting 
material which, agglomerating the residual carbon into coke 
below 450° C., is yet capable of producing large volumes of gas 
“hTghe^t^per^ at the same time becomes harder 

and Stronger. 
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Most observers look u])on llic luting l)ody in the coke as tar 
residues left beliind as the slowly advancing heat distils the 
more volatile portions (;f the tar formed by primary actions. 
Others, like Wedding, consider it as carbon deposited by the 
bn^aking down of hydrocarbon gases owing to contact with the 
red-hot surface' of flu' carbon, and as a proof of this adduce the 
formation of the so-called " coke hairs ” found in crevices in the 
coke, supposing that they are jiroduced by the streams of rich 
hydrocarbon gas, such as ethane and ethylene, leaving the coal, 
and in the heal of the retort deconrposing with separation of 
carbon, these coke hairs consisting of fine lubes of graphitic 
carbon, which brandling out in c'very direction bind adjoining 
masses together. 'I'his theory is, of course. Untenable in view 
of the fact that coke is formed at a temperature far below 
that necessary to yield gra]>hitic carbon, an action taking 
place only above tpo" C. (1(152'’ F.), with diluted hydrocarlxin 
gases. 

Lugi, Donatli, and their followers hold that it is a molecular 
alteration in the carbon molecule ; but although many actions 
take place with carbon and its compounds that are not clearly 
understooil, it is unnecessary in the jiresent case to rely on any 
such complicated e.xjilanation. 

My own view, and one which 1 think can be proved abund¬ 
antly, is that when a charge of coal is put into the red-hot retort 
0I' oven, the •layers in immediate contact with the walls are 
heated up and almost immediately decomposed, with the rush 
of steam and smoke we know so well. The lid or door is shut, 
and carbonisation jiroceeds as the heat slowly penetrates into 
the mass. Even an inch away from the hot walls the tempera¬ 
ture rises only vay gradually. The first action of the heat is to 
drive off " jrit water,” f.c. the moisture which the coal has 
acquired In ;n rain or washing. At about 200° C. (302° F.). 
the “ hygroscopic water,” i.c. that which is constitutional, 
comes oft, and the humus bodies begin to decompose and give 
also as their first product water. All the water vapour formed 
from these actions distils forward into the first layer cool enough 
to condense it, so that even with a charge of what one would 
consider dry coal, if the retort be opened half an hour after 
chaining, the centre of the mass is found soaked with water, 
whilst in a coke oven in which the charge is wet, freshly washed 
coal, it will be streaming with water. 

As the temperature rises to 300°-35o‘’ C., the coal becomes 
semi-fluid, decomposition of all the coal bodies commences and 
rapidly increases in vigotir with each accession of heat, and the 
fluid tar from the humus, the slightly viscid tar from the resinoid 
bodies, and the rich heavy tar from the hydrocarbon, gas^s, go 
forward»as vapour with the gases, away from the heat and seek- 
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ing the cool zones. It must be remembered that, as the heat 
spreads to the zone in which the water has condensed, tliis again 
evaporates and renders a large amount of heat latent, so coohng 
it down and leading to the condensation of the tar vapour, and 
when in turn this is reached by the advancing temperature and 
is heated to 35o"-4oo'' C., it is only the more volatile portions 
that distil again, and a deposit of pitch is left which binds the 
half-coked coal, whilst as the temperature rises above 700° C. 
the residues in the semi-coke and iritch further decompose until 
the hard coke is left, which consists of little else than carbon, 
ash, and traces of hydrogen and o.vygeu, either eondu'ued still 
or occluded by the coal. 

It may be objected that if this is the only cause of coking, 
thi'H the layer first heated next the wall of the retort, having no 
tar condensed on it to redistil with deposition of jiitch, might 
be e.xpected to be of inferior character and of a friable nature, 
whilst perhaps it is the best layer of coke in the oven. The ex- 
idanation of this is that, although the distilling and redistilling 
into the cool zones f)f the charge is the main action taking place, 
yet each individual lump of coal is being affected in much the 
same way as regards the passage of heat. The heat must pass 
into the centre of each lump before carbonisation is completed, 
and as it is conducted only slowly, the e.xtcrior of the lump is at 
a high temperature before the centre has finished distilling tar 
vapour, and this passing through the hot exterior is decomposed 
with deposition of pitch. 

It is clear that the tar which is least volatile and leaves the 
largest residue of pitch will be the one that is most valuable in 
inducing coking, and on completed carbonisation giving the 
strongest coke ; and it is the heavy hydrocarbon tar that does 
this, whilst the oil from the resin distils so easily that it is a far 
more important factor in the volume of tar than in the coke, 
whilst the humus tar only helps the general action. 

If, however, the distillation out of the mass could be pre¬ 
vented all the tars would help in the coking, and the flaming 
coals, hke some of the South Staffordshire non-coking coals, 
could easily be made to coke. This may be done by rapid heat¬ 
ing, and there are plenty of semi-coking coals in the country 
which, if carbonised rapidly so as to give no time for the 
rcdistillation of the resinoid tar before the temperature of 
decomposition is reached, make a good coke, whilst dis¬ 
tillation under pressure would tend to do the same thing. 

It must be remembered that a semi-coking coal will give * 
much better coke when carbonised in a‘gas retort than in a coke 
oven, as in the latter the slow advance of the heat gives ample 
time for the rcdistillation of the tar. The same thing is seen if 
you try to carbonise smalls from, say, a South Staffordshire coal 
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under these conditions. The heat gets rapidly through each 
particle of coal and the tar distils away, and the residue does not 
coke ; but if you take it in large lumps, the outside of the mass 
gets red hot before the inside distils, and the tar vapours and 
hydrocarbons decomposed by the hot crust give an e.xcellent 
coke. 

No matter how high tiie temperature is pushed rluriug the 
carbonisation of coal, the coke will always contain some volatile 
matter, probably gases occluded in minute pores and cavities in 
the coke substance, john I’arry in 1872 made a large number 
of e.xperiments with r-arious samples of coke, some by simply 
heating to as high a temperature as could be attained under 
ordinary conditions in a gas furnace, and also when heated in 
a vacuum, and found that these gases so held, instead of being 
simply air absorbed on cooling as bad been sujijrosed, consisted 
of gases of the same character as those evolved during the last 
stages of coking. 

A gas coke with which he tried one e.xjx'riment gave on 
analysis 


Carbon . 
Hydrogen 
Oxygen . 
Nitrogen 
Sulphur . 
Ash 


84 ..>,()o 

0.187 

j b..J0.? 

0.850 

8._;oo 


The oxygen and nitrogen, which are determined as usual by 
difference, were so palpably wrong that the coke was heated for 
7,55 hours to as high a temperature as possible, and then gave 
on analysis ; 


89.450 
trace 

j 

o- 7 b 5 

8.450 

Twenty grams of the coke were then heated in a vacuum, 
produced by a Sprengel pump, and in 2I hours yielded 361.5 cc. 
of gas containing :— 


Carbon dio.xide . . 22.8 

Carbon menoxide . . T3.4 

Hydrogen . . . 50.0 

Methane .... 13.8 


and ali^ water and tarry matter. On continuing the heating 


Hydrogen 
O.xygen . 
Nitrogen 
Sulphur . 
Ash 
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for 14?, hours altogether 1117.2 ce. of gas were obtained, but 
in the hitter portions they consisted of oxides of carbon and 
hydrogen only, whilst in the last hour nitrogen made its 
appearance, and the analysis of the gas was :— 


Carbon dioxide 


Carbon monoxide 

8.200 

Hydrogen 

81.200 

Nitrogen 

1.215 


Tliis gives a good idea of the difficulty of freifng the coke 
from the last traces of gas, and it is doubtful wliidher it could be 
got entirely free, 1 

It is probable also that some of the gas obtained is ])resent it' 
combination in highly resistant bodies ol the same character as 
the hard pitch that forms the binding material in low tempera¬ 
ture coke. Even the coke hairs fornii'd during coking from the 
decomposition of hydrocarbon gases have been found to consist 
of : — 

Carbon .... 95.7.^9 
llydrogi'ii . . . o.;)b4 

Oxygen .... 3.887 

Many experiments have been made on these residual traces, 
and it seems jirobable that they are due partly to occluded gases, 
partly to carbonaceous residues, and partly to traces of hydrA- 
carbons retained in the pores of the coke. 

it is often stated that the ash of coal and its derivative coke 
represents the mineral and inorganic matter absorbed from the 
soil during the growth ol the vegetation from which the coal was 
formed. Although tliis is jirobably partly true a consideration 
of the composition of the ash of coal at once"shows that this 
was not entirely formed from plant life, as alumina, which is rarely 
present in the ash from wood and vegetation, is one of the most 
important constituents of the coal ash, as may be sei'ii from the 
following table of analysis, which is due to Muck - 


.\sll. 

Wcslpliiiliaii 

]-f)WPr 

SiJfsiau 

Cfial. 

J)ohI.i)s 

Coal. 

AiiUii-acjtc 
Irom U.S.A. 

Silicic acid 

Per cent. 

I’or cent. 

.H-iioo 

Percent. 

.55.7.50 

Per cent. 

5.5.606 

Alumina 

^2-552 

8.310 

41.110 

36.690 

Oxide of iron . 

46.1)00 

54.470 

11.150 

5.590 

Lime 

2.686 

.5.440 

2.7.50 

2.860 

Magnesia 

.000 

1.600^ 

2.650 

1.080 

Potash . 

0.300 

0.070* 

not estim. 

not estim. 

Soda 

0.237 

0.290 

not estim. 

not estim. 

Sulphuric acid 

traces 

0.520 

0.290 

0 ? 

Phosphoric acid 

0.541 

not estim. 

2.060 

t)? 
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Moreover, it is perfectly clear from the method of formation 
of many of the drifted deposits that have been converted into 
coal, the, earth disturbances and the covering of the deposits 
by mud, silt, and sand, that mineral matters other than those 
due to plant life must find their way into the coal. When 
coal is converted into coke, as the latter represents only 62 
to 80 per cent, of the weight of coal, and contains all the ash, 
it follows that the ash in coke is higher in proportion than in 
coal. Coal contains from i per cent, of ash in some Welsh coals 
up to 20 per cent, in some canned coal, and when stress is laid 
upon the purity of the coke a coid must be selected with as low 
a percentage of ash as is commercially possible. 

^ The changes which take ])lace in the nature of the mineral 
matter of the ash during carbonisation are not of a very im¬ 
portant character. The carbonates of the alkaline earths arc 
converted into o.xides, carhon dioxide being evolved, and these 
o,\ides will then sometimes combine with silica to form silicates. 
Sulphur, which is one of the most deleterious compounds in 
coke lor metallurgical use, is sometimes volatihsed to a small 
extent* during coking, and water of hydration may be driven 
off from the silicate of alumina. 

The theory has been advanced that the silica present in 
coal, or i)art of it, is in the form of organic silicon compounds 
derived from th(? vegetation, and that on coking the coal these 
play an important part in hardening the coke. The basis of this 
idea seems to be that when carbon is embedded in a mixture 
of sand and coke, and is heated to a temperature between 1600° 
and 1900" C. (2912“ and 3452° E.) it undergoes a complete 
change and acquires the hardness and metallic ring of a good 
metallurgical co^e, and also its silvery appearance; but inasmuch 
as no sncli temperature could be emjrloyed in practice, and 
as c.xpenna iits have shown no sign of the formation of car¬ 
borundum, or ferro-silicon in coke, the idea does not seem a 
very likely one. 

Coke varies very much, not only in its chemical and physical 
characteristics, but also in external appearance. It may 
generally be accepted that with the same kind of coal the higher 
the temperature and the longer the exposure of the coke to it, 
the*harder, more dense, and less easily combustible will the coke 
be, whilst the appearance is largely conditioned by the method 
of carbonisation. 

In the beeliive oven, where most of the heating is from the 
top, the escaping gases from the carbonising coal have to pass 
upwards through the whole mass of red-hot coke above, contact 
with which decomposes the hydrocarbons and deposits the 
carbon in almost metallic-looking films throughout the mass. 
This gives the bright light grey surface that used to be so highly 
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prized in tite old beehive coke. On tlio other hand, if the 
gases arc drawn away so as to prevent as far as possible 
excess of surface contact and ]>ressure, this silvery appear¬ 
ance is not produced, and the cx)ke looks hlack and dead, 
as is seen in gas coke, and also to a less extent in recovery oven 
coke. 

Some observers claim that this de])ositiou in liright films 
is characteristic of the decomposition of mefliane, and is given 
only by tliis particular gas, but tlie difference in tlie form of 
the de]>osited carbon is due to whether it has been decomjiosed 
i)y radiant heat or contact lieat. If an easily decomposed 
liydrocarbon like acetylene is healed by i)assing between tlie 
walls of a very highly heated tubi* jilaced veitically to lesseji 
contact as far as jiossilile, the radiant heat is sufficient to de¬ 
compose it, and tlie carlion is deiiosited as a cloud, but where 
the hydrocarbon is more resistant and comes in actual contact 
with the heated surface, thi'n the carbon is dejiosited in a dense 
form as a film of great density, which in time huilds up masses 
of retort carbon. It is only when the film is very thin that the 
bright appearance is produced. ' 

'I'lie duller surface of the recoi'ery oven coke gave rise to 
great prejudice against it in the minds of the iron smelters 
when recovery plant was first introduced, but this was pro¬ 
bably caused by the fact that until the recovery jilant was 
perfected —the heat being applied from outside the oven insteall 
of the inside, as with beehive ovens—the coke was not so 
thoroughly carbonised, was softer, and too easily attacked by 
the carbon dioxide in the blast furnace, and so not so strong 
or so economical in practice. 

In most oven carbonisation the face of thcj'-oke nearest flu' 
liot wall of the furnace shows a curious undulated surface con¬ 
sisting of discs, six to eight inches in diameter, and liigher at 
the centre than at tlie perijihery—these are generally known 
as “ cauliflower heads ” by the coke burners—and crevices of 
cleavage run into the mass from the lowest point to the area 
which was last heated to the full temperature in the carbonising 
process. So regular arc these appearances, and so like the 
columnar stnicture found in some formations, that they have 
sometimes been spoken of as if they represented a forn'i of 
crystallisation, which is, of course, wrong. 

They appear to be formed from the escape of gases, which 
causes the whole mass to swell. After the first few hours this 
ceases, and a general contraction of the whole body takes place, 
which, being fairly even in every dirctelion, fissures the coke 
in circular masses. I f the coke is drawn when the volatile matter 
just ceases to come off, the heads arc not found, but the crevices 
are tficre. The coke, however, is left heated to its ^lighest 
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temperature for a considerable period to harden it, and this 
causes furtlier shrinkage, which, taking place mostly where 
the crevices have been formed, owing to the heat entering the 
mass most easily at these points, leaves the central portion 
between the cracks standing up a fraction of an inch above the 
densest parts. 

Near the doors of the oven, black dull-lrK)king masses of 
coke are often found, resembling gas coke, and known as " black 
heads.” These are formed by the coke at this point not being 
sufficiently heated to comjdete properly the carbonisation. 

As a rule, it is found that the higher the temperature at which 
the oven has been worked. ,the more thorough h.as been the 
dc!composition of the hydrocarbon gases, and vapours passing 
through the red-hot coke and the carlx)n so deposited increase 
the yield. High temjKTature and long exposure to the heat 
after carbonisation is finished also render the coke harder, 
denser, and less easily ignited. 

The composition of the coal has so great an influence on 
the yield of coke that any comparisons of the percentage yield by 
the vanous forms of oven are bound to be misleading; but the 
alterations from the earher forms of oven to the modern oven 
may be taken as representing a lo to 12 per cent, greater yield 
of coke. 

The idea of converting coal into coke first arose from the 
dtsire to supjilement charcoal for metallurgical work by some 
other form ol fuel which would have much the same character¬ 
istics, this being necessitated by the fact that the timber on 
which the charcoal supjily was dependent was rapidly becoming 
depleted. The characteristics desired were local intensity of 
combustion, strength of structure, smokeless burning and 
infusibility, togefiier with as small a proportion of sulphur as 
possible, rhe onl^- raw coals which could have been employed 
to fufil these requirements were siilint coal and anthracite, which 
latter has always been comparatively high in price, and some¬ 
what difficult to deal with in practice. 

The bituminous coals, wliich were the ones generally available, 
could not have been used in the blast furnace, on account of 
their swelling, softening, and forming arches, which would have 
inteffered with the descent of the charge in the furnace and 
passage of the hot gases, whilst the intensity of the heat would 
liavc been low, owing to the amount withdrawn by the 
gases and vapours, and rendered latent in distilling off these 
* volatile products, and also because of the oxygen present in 
the coal, '^hen, ho\^evcr, bituminous coal is converted 
into coke the residue is infusible, its friability is decreased, 
and with the concentration of the carbon, although the total 
increase* in calorific value is small, no heat being withrfrawn 
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by the distillation, tho local temperature Is very largely 
augmented. 

With the inrreas(' in coal mining which took place in the 
first half of the last century, another important reason for 
the coking of coal presented itself. In all collieries raising 
bituminous coal, the percentage of slack and small was high. 
Where any of the coal is of younger formation, the smalls will 
sometimes amount to 40 to 50 per cetit., and as before the 
introduction of automatic stoking machinery the demand for 
this was very limited, all the screenings and smalls of a colliery 
had to be sold at a very low and unremunerative rate. With 
a comparati\'ely small amount of labour, however, these screen¬ 
ings could be converted in the old coke meilers and bccluYe 
ovens into larger masses of hard coke exactly suited for metal¬ 
lurgical and furnace work. 

Another reason, which was not at first recognised, but has 
now assumed great importance, is that the suli>hur jireseut as 
pyrites and other sulphur compounds in all coal can be sub¬ 
stantially reduced at a very low cost in properly made coke. 
The larger pieces of pyrites having been hand-picked,' a con¬ 
siderable proportion of the impurities, including residu:il pyrites, 
can be got rid of by crusliing the coal and washing it, when being 
heavier than coal, the pyrites can to a great extent be separated 
by gravity in the trough and jigger washers. On coking the 
waslied coal the long exposure to heat expels a considerallle 
proportion of the remaining sulphur, which comes off with the 
gases as sulphuretted hydrogen, carbon disulphide, and other 
organic compounds of sulphur. Quenching the red-hot coke 
on its removal from the oven eliminates another small percentage, 
so that a very substantial decrease in thi;^ deleterious con¬ 
stituent of coke; for metallurgical work can lx; obtained. 

With the introduction and general adoption of coal gas in 
the early years of the last century, coke was yielded as a by¬ 
product of the destructive distillation, but the gas manufacturers, 
looking upon it as a by-product, have from that day down to 
the past few years paid little or no attention to modifying the 
process of gas manufacture with a view to improving the quality 
of the coke produced ; with the result that gas coke has always 
been looked upon as an inferior product, and the market vfrhich 
it commanded has been of a limited character. It has never 
achieved much success as a domestic fuel, and its chief outlet 
has been due to its use by small manufacturers, for horticultural 
work, heat production in the gasworks, and the generation of 
water gas and producer gas. * , 

Coke may be divided into two main classes : - - 

(i) Metallurgical coke and furnace coke, made by processes 
in which everything has been done to obtain the largest yield 
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of coke having definite characteristics, and in which the by¬ 
products, gas and tar, are cither disregarded, or considered of 
secondary importance. 

(2) Gas coke, made by processes designed to give tlie largest 
yield of gas, in which as much of the carbon as possible shall 
be in gaseous combination, the coke residue and tar being 
looked upon as of secondary importance. 

In making the first class of cokes, the factors which are 
desired in the process are—using coal only rich enough in resinic 
volatile matter to give the necessary coking or binding pro¬ 
perties to Ihc mass; to crush the coal to uniform size; to 
use large charges densely pgcked ; and to carbonise lor long 
jjf^'riods, raising the outer crust of coke first formed to as liigh 
a temperature as possible, so that, as the heat penetrates into 
the mass, the hydrocarbon gases and t.ar vapours being evolved 
shall be decomposed by contact in their passage through the 
envelo])e of red-hot carbon, depositing as much of the gasified 
carbon as possible, so that it is only the more stable hydro¬ 
carbon gases and most volatile vapours that (scape ; the ideal 
carbonfeation from the coke-maker’s point of view being the 
retention of the whole of the carbon in the mass. 

In gas manufacture, on the other hand, in the ordinary 
jn ocess employed at over 90 per cent, of gasworks, the coal used 
is .as rich in resinic volatile matter as can be obtained without 
going to undue e.xpense. Small charges are used in order to 
reduce the time needed for carbonisation, and also to reduce 
the contact of the gas with too large a surface of hot coke, and 
the temperature emjdoyed is limited only by its effect on the 
life of the refractory material used, and to avoid stopped 
ascension pipes g and other troubles inseparable from over¬ 
heating, and the carbonisation is continued only long enough 
to drive out all volatile matter. Under these conditions the 
gas yield is increased to the highest limits compatible with 
leaving in it enough hydrocarbon gases to comply with parlia¬ 
mentary requirements as to illuminating and heating value, 
and the coke is looked upon as a by-product that will pay a 
share of the coal bill. The ideal condition of carbonisation 
from the gas manager’s point of view is the conversion of the 
whote of the coal into gas, an ideal within measurable distance 
when using high heats obtained by employing 15 per cent, of 
the coke for heating the settings and converting the remainder 
into water gas. 

It will not be out of place at this point to discuss a matter 
wliich I feel .very strongly upon, and that is the use of coke 
as a domestic fuel, and the influence this has upon the future 
of the gas industry, and also upon the efforts of the various 
smoke abatement societies to cleanse our town atmospheres. 
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Th(.‘ whole question of fuel economy is so closely allied to 
the problem of smoke prevention that it is impossible to consider 
the one without alluding to the other, and if only sufficiently 
drastic steps were taken to enforce rational methods of domestic 
heating, both economy of fuel and cleansing of the atmosphere 
would follow. 

In the south of England, at any rate, the domestic grate 
using bituminous coal is the principal cause of the smoke cloud 
which, hanging over the big tr)wns, cuts off the direet rays of 
the sun, ruins health, shortens life, kills vegetation, and begrimes 
and finally helps to destroy our public buildings. Farther north, 
in the manufacturing districts, t^e factory shafts, in spite of 
restrictive legislation and mechanical improvements in stoking, 
do even more tow’ards polluting the atmosphere. 

Many estimates of the relative amount of ])ollution due to 
manufacturing works and domestic fuel have been made, but 
as the ratio of smoke production Ironi the curious sources that 
j)ollute the air varies enormously with the eharacteristics of 
the locality, no very satisfactory conclusion has been arrived at. 
if you take London, Dr .Shaw’s estimate that 70 per eenf. of the 
smoke is domestic would probably be about correct, but if you 
collected your statistics in Sheffield or Birmingham, the figures 
would most likely be reversed. There is one thing eerlain, 
however, and that is that domestic smoke is producecl through¬ 
out the whole length and breadth of the land, wliilst the factofy 
shaft concentrates its attention on the more limited area of the 
manufacturing districts. 

Although the smoke from the domestic chimney has been 
execrated for the part it has jdayed in the i)ollution of the 
atmosphere from the earliest years of the hjrrteenth century 
down to the present day, it is surprising how crude the ideas 
are that exist as to its composition and the method of its 
production. In the open fire, the radiant heat given by the 
incandescent fuel is the heating agent, and although undoubtedly 
wasteful in fuel, owing to the largest proportion of the heat 
escaping with the proffiicts of complete and incomplete com¬ 
bustion up the chimney, still it is so far more hygienic and more 
comfortable than any other method of heating, that one would 
be sorry to see its place taken by any other form of heat pro¬ 
duction, in spite of the economic advantages of central heating 
systems or slow combustion stoves. 

With the ordinary grate, using bituminous coal, the pro¬ 
duction of smoke means waste of fuel^ but great as tliis is in 
the aggregate, it is small as compared with thq other losses 
due to actions taking place in the fire itself, and loss of heat 
escaping up the chimney. When bituminous coal is fed on to 
the burning fire the action which takes place on tht newly 
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added portion is practically the same as that occurriiif,’ during 
the distillation of coal. It is during this period that a very 
large proportion of the heat units in the coal arc lost, owing 
to the amount taken up in decomposing the coal and converting 
the volatile portions into vapours and gases. During this 
})eriod the coal, heated by the fire from below and comparatively 
cool above, distils off tar vapours, coal g.is, and steam in pro¬ 
portions whicli vary with the temperature. lu the early stages, 
the surface of the fuel being too cool to lead to their ignition, 
these products escape as vapours up the chimney, mingled 
with anything from eight to thirty thousand cubic feet of air 
])er hour, according to the draught in the chimney. In an 
ordinary flue an analysis of‘the escaping products would give 
dn approximation to the following ; — 


Carbon dioxide . . . 0.70 

Methane .... 0.36 

Hydrogen .... 0.29 

Carbon monoxide . . . o.oi 

Oxygen .... ip.H.i 

Nitrogen .... 7il-7y 


And these gases together with water vapour escape up the 
cliimney. 

• During this period of smoke production no soot is formed. 
The physical projiertics of the cloud of vapour provide an 
interesting study, as it exjilains one. of the secrets of the lasting 
power of smoke, and the way in which it acts. A most beautiful 
and instructive experiment show's to jierfection the structure 
of smoke as it e^apes from a burning object. A puff of smoke 
blown through * small glass cell illuminated from below by 
oxy-hydrog< u or icc light, and examined under a low-power 
miscroscopc, reveals the fact that it consists of excessively 
minute, vesicles, which are in a marvellous condition of motion, 
and which will remain floating in the stream of air or gas until 
impact with a solid surface causes a bursting of the little liquid 
envelope, forming a miscroscopic drop of tar on the solid against 
which it has struck, and liberating the contained gases, 

This period is the one in which the most serious waste takes 
place, as not only is the greatest amount of heat being rendered 
latent by the distillation out of the coal of these products, but 
they also escape unburnt up the chimney. After a period, which 
varies in length according to the amount of coal which has been 
fed on to the fire, suffictent heat finds its way to the top of the 
fuel to ignifl; some of the escaping vapours, and the bright 
illuminating flame is then formed above the surface of the fire. 
This fk-me radiating a considerable amount of heat, bwing 
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to tlio incandescent particles within it, the waste ceases to bo 
as great as before ; but a large amount of vapour will bn noticed 
to be escaping still unburnt, owing to some of the hydrocarbons 
being so diluted with steam, and with the cold air sucked in over 
the surtace of the fire, as to stop their combustion. 

If now the flames themselves be watched it wall be seen 
that they become red and lurid towards the top, and are 
emitting particles of carbon. It is during this period of com¬ 
bustion tliat soot is deposited in the chimney and appears in 
quantity in the smoke, which now consists of tar vapour, soot, 
water vajiour, products of combustion, and excess of air, 
together with the residual nitrogen from that portion of the air 
which has been used in the conibu?tion, and also partich’S of ash 
sucked up by the draught in the chimney. * 

As time passes on the fire burns clear, the amount of flame 
becoming extremely small and consisting chiefly of carbon 
monoxide, and practically smokeless comtmstion is attained. 
Until more coal is fed on no further pollution of the atmosphere 
takes place, whilst the clear fire radiating out the heat given 
by the combustion of the incandescent carbon is doing more 
heating work than at any other jieriod. 

In order to overcome the trouble of smoke whilst using 
solid fuel many fonns of grate have been suggested, the most 
suceessful of them being dejiendent upon the princijile of feeding 
fresh fuel to the bottom of the fire instead of to the top, so that 
as the tar, hydrocarbon vapours, and steam distil out from 
the coal, they have to pass through a mass of incandescent 
carbon above, wliich decomposes the complex tar vapours into 
simple hydrocarbons. These are then completely burnt up 
on reaching the fresh air supply at the top of Uie fuel. 

The fact, however, that any special forni of grate would 
require the removal of the old type and introduction of the 
new has been sufficient to prevent any success in this direction. 
What is really needed to make smoke prevention a practical 
possibility is the introduction of a fuel which could in every 
way be treated like coal, which would be as easy to ignite, 
would burn with a cheerful flame, and would in reality com¬ 
mence its combustion just at that period when, in a coal fire, 
the smoke has ceased and the fire has burnt clear. 

I have always been strongly of opinion that the only way 
in which the smoke problem could be solved was by stopping 
the direct combustion of bituminous coal in grates and furnaces, 
and employing the gasworks of the country to convert the coal 
into gaseous and solid fuel, both of which would give us smoke¬ 
less combustion, at the same time extracting in useful form those 
volatile products which, in the manufacture of gas, yield tar and 
ammfmia salts, but in the stove or furnace form smoke* 
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The domestic use of gas for heating purposes has advanced 
with great rapidity. Although a( first sight its cost appears 
to be considerably higher than that of coal, yet when used under 
proper conditions it is practically not much more expensive, 
the economy in handling and cleanliness making up for most 
of its extra cost. In a very large number of households at 
the present time gas is employed for cooking, and for heating 
the Ix'drooms, whilst it is only in the sitting rooms that solid 
fuel plays an important part. Coke, on the other hand, owing 
partly to prejudice and partly to the fact that it is difficult to 
Ignite, and burns freely only when file stove happens to have 
a good chimney drauglit to aid it, has never proved a serious 
rival to coal. ‘ 

* As we have seen, when coal is burnt upon the domestic 
fire a jrrocess of distillation, very much akin to tliat which took 
place in the old meiler heap, is .set up, and continues until the 
heat has penetrated the mass suHiciently to ignite the gas 
distilling from the top of the coal, and this portion of the fire, 
being cooled by the rush of air over its surface induced by the 
chimney draught, often allows two-thirds to three-quarters of 
the gases and vapours from the freshly fed on coal to escape 
up the chimney unburnt, before it ignites and by the radiant 
heat of the carbon particles in the flame adds to the heat from 
the incandescent carbon in the lower portion of the fire, 

«' A pound of bituminous coal may be taken as containing 
in round numbers 14,000 B.Th.U., and the distribution of this 
in a lire which has just been fed with coal may be taken as 
follows:— 


In Gas—5 cubic feet at 570 B.Th.U. . 2850! 
,, Tar—.05 lb. at 15200 B.Th.U. . 760 

,, Moistuie.2501 

,, Decomposition and volatilisation . 1200 f 
,, Products of combustion . . 6000 

,, Grate and ashes .... 265; 

,, Radiant heat from coke . . 2485 j 

„ Radiant heat from flame . . igo j 


Lost 81 per cent. 


Used 19 „ 


14,000 


So that the heat utilised in the room amounts to less than one- 
fifth of the heat that is in the coal. 

When, however, coke is used the loss due to the first four 
sources has already taken place in the conversion of the coal 
into coke eitlTer at the gasworks or in the oven, and the amount 
of heat utilised as radiant heat in the room is nearly three times 
as greak; but unfortunately the prejudice against gas coke as 
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;i domestic, fuel that lias lieeii created in tlic ]iul)lic mind lias 
to a great extent limited its use. 

If you attempt to impress upon any one the value of coke 
as a fuel, and the importance from a hygienic point of \'iew of 
using a smokeless fuel, the reply is in most cases that coke 
gives a dull cheerless fire, and that the fumes from it are so full 
of suijihur that the slightest back draught nearly chokes every 
one in the room. There is a solid basis of truth in these 
objections. Linless there is a more than usually strong draught 
in the chimney the high temperature coke of the jiresent day 
iloes not burn satisfactorily, and, to the householder accustomed 
to a cheerful flaming fire, ajijiears dull and depressing, wliilst 
the sulphur fumes, if they escajie into the room, arc undoubtedly 
unpleasant, although useful as a warning, as under the sarne 
conditions carlxm monoxide is also probably present and will 
gi\'e a headache, if no worse results. 

All this, however, is caused by the high igniting point of 
the coke, which makes it difficult to light the fire, and also slows 
down the combustion so that without a strong draught you 
never get a bright fire. The igniting points of coal and«of coke 
are dependent entirely upon the amount of c'olatile matter the 
fuels contain ; an antliracite. wdiich is the nearest approach 
to carbon found amongst the coals, needs a very high tempera¬ 
ture to ignite it and a strong draught to keep it burning, whilst 
a flaming coal with its 32 to 40 per cent, of volatile matter can 
be ignited readily by a few burning sticks in a heap on the ground, 
and burns away rapidly with a strong blazing combustion. 

A high temperature coke contains only traces of volatile 
matter, so held that a temperature far above that yielded by the 
pajier and wood used to ignite the fire would b| required to drive 
it out, so that its igniting point is about that of carbon —i.e. 
nearly double that of a bituminous coal or a low temperature 
coke, which is about 520° C. (g68° F.). This gives the latter 
the ease of ignition and free burning necessary to make a bright 
fire, wliilst the escape of the combustile volatile matter gives 
a cheerful but non-luminous flame. 

The limit of volume in gas-making, if not already reached, 
is fast being approached; economies are day by day getting 
more difficult to make; and coal is not likely to cheapen.* All 
this means that the chance of considerable reduction in the 
price of gas is getting less and less. If the price of gas could 
be reduced in our large cities to the price charged at Widnes 
the consumption of gas could be economically increased, and 
for power and heat gas would hold an unassailable position ; 
but this can never be done under existing circumstances, be¬ 
cause, even if the gas could be made at the necessary price, 
the Increased output of coke would exceed the demand. If 
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only, however, the companies would live up to their title of 
" Gas, Light, and Coke Companies,” and bestow as much 
care on the coke as on the gas, and cater for the supply of a 
good domestic fuel at the price of coal, instead of treating 
coke as a by-product, the demand for it would soon reach a 
point that would enable the desired reductions in the price of 
gas to be made,. 

There is no need to fear as to tlie other by-products ; the 
output of sulphate of ammonia could be doubled without affect¬ 
ing the market, and a good tar will look after itself. It was liigh 
heats that ruined the tar market, and with the demand for tar 
increasing for road work, no, flooding of the market need be 
feared. 

During the last few years the statement lias several tunes 
been jnit forward that ” as the gas manager’s end and aim 
is gas, it is his duty to obtain the greatest volume possible 
])er ton of coal,” but with this I venture to disagree. The gas 
manager’s duty is to obtain the greatest possilfle value j)ei' 
ton of coal, and until every industry dealing with coal recognises 
that in»this respect their end is the same, little economy will 
be possible in our rapidly diminishing store of coal. 

The pressing of temperatures in carbonisation to higher and 
liighcr degrees with the old conditions of lightly charged retorts 
has, given larger yields of gas, but it has loaded the gas with 
citrbon disulphide, depreciated the coke, and ruined the tar. 

Oik- of the chief claims for the adoption of the full charge 
horizontals and intermittent vertical retorts for carbonisation 
is that they have improved the character of both coke and 
tar. As has been shown, this is due to a certain proportion 
of the gas and t».r vapour coming off through the cool core, 
and so escaping over-cracking ; but it can be only a partial 
improvement, whil.-^t, as far as the coke goes, the nearer it 
approaches metallurgical coke the less it is fitted for domestic 
fuel. True it is that where the coke has been made harder 
and brighter the gas manager’s market has improved, but it has 
been in its use lor furnaces, manufacturing processes, and 
for producers that the increased demand lias been felt and not 
for domestic use. 

EA'en for the heating of furnaces the coke made at extreme 
temperatures is not as good as when the heats are slightly 
lower, and in Germany this is beginning to be realised. Korting, 
in a paper read in 1911, points out tW the inclined settings, 
which used to work with 12 per cent, of fuel, now required fully 
16 per cent., lyi increase Sue partly to higher temperatures but 
largely to more higlily carbonised coke. 

Already the strides forward which gas has made as a domfstic 
fuel are t^ing the tale in our atmosphere, and the yellow fogs 

M 
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of the last century are getting rarer; and if coke could be made 
a domestic fuel by leaving it in 6 to 8 per cent, of volatile matter, 
to facilitate ignition and give a flame, the gasworks of the 
country could command the fuel market. 

The sale of gas cannot be pushed beyond a certain point 
without overstocking with coke. The sale of both jrro rata 
must be pushed; and if only the gas manager could be persuaded 
that this is the right road, he would be backed up by the smoke 
reformers and the public, and find himself able to sell a fuel coke 
at the price of the best coal. 

Col. Scott-Moncrieff suggested niaiiy years ago the use of 
a half-coked coal as a fuel supjdy', and tried to make a com¬ 
mercial article by carbonising coal at the ordinary gas-retort 
temperature, drawing the charge when half the usual volume 
of gas had been distilled out from it. Two factors, however, 
led to failure, the one being that the time was not ri])e, and 
the second that the means by which he pro}x)Sed to carry out 
his entirely admirable idea could never give a uniform fuel. 

The idea, however, was revived in 1907 by Mr \V. Parki'r, 
who found that by using a temperature of 420'' C. (fioo° F.) 
with iron retorts, the whole of a charge ol coal could be con¬ 
verted into a low temperature coke, uniform in comjxisition, 
and containing from 8 to 14 ]X'r cent, of volatile matter, and 
which was an ideal smokeless fuel. This was christened 
"Coalite,” and the material was made in thick cast-iron tubes, 
which were heated to between 450° C. {843° F.) and 500° C. 
(932° F.). The diameter of the tubes tapered from 4I inches 
at the top to 5} inches at the bottom, the length being 10 feet, 
and twelve tubes were cast together into a block ajipro.ximating 
to 2 ft, 6 in. by i foot. These were, fixed vertically in the, setting, 
which consisted ol twenty-four to thirty-two batches of tubes 
to the bench. The retorts or bunches of tubes were fitted 
with a door at the bottom for the remov.'il of the “ Coalite,” 
and a chamber at the top connected by a pipe to the Cort anti¬ 
dip hydraulic main. 

The coal was fed in by gravity from above, and was carbonised 
for four hours, at the end of which period two-tliirds of the 
volatile matter had been distilled off, and the charge had shrunk 
sufficiently to be easily discharged when the bottom dodf was 
opened. The temperature in the coal varied usually from 
450° C. (863“ F.) in contact with the skin of the retort to 420° C. 
(800° F.) in the centre of the charge, and the products were 
treated in accordance with the usual gasworks practice. 

In such a bench of retorts forty-eight tons of coal were car¬ 
bonised easily in the twenty-four hours, and if the bottom doors 
werp tight a ton of ordinary gas coal as nuts would yield 5000 
cubic feet of 19 candle gas. If, however, the centrM core of 
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the charge became choked with tar too early in the distillation, 
a back pressure was thrown on the bottom doors, and leakage 
lessened the yield. 

It is unwise to use a coal with too liigh a percentage of 
volatile matter, owing to trouble from swelling and frothing 
in the tubes, but this applies only to certain coals. Good results 
were obtained from a coal the analysis of which gave ;— 

Moisture .... 2.98 

Volatile matter . . . 

h'ixed carbon . . . 61.08 

Ash . ... ... 2.78 

Trie, low ash is, of course, a great advantage. 

The coalite jaelded by distilling forty-eight tons a day 
amounted to thirty-four tons, si.\ of which were breeze, the 
whole being equal to 70 per cent, of the coal used. On analysis 
it gave the composition (dry) 

Volatile matter . . . lo.qq 

Fixed carbon . . . 86.iq 

Ash.3.44 

For various reasons, none of which were connected with 
tilt fuel itself, so far coalite has not proved a commercial success ; 
but it has convinced everyone who has used it that it is 
infinitely superior as a fuel to any bituminous coal, and has 
created such a demand for a smokeless fuel that some imitations, 
which differ from gas coke only in name, have been able to find 
a market. t 

The best known of these is “ Coalexld ” made by mixing a 
very small proportion of alkaline nitrates with the coal before 
carbonisation. These, evolving small traces of o.xygen on their 
decomposition, give small areas of liigh temperature during 
destructive distillation, and so give a slight increase in the gas 
yield. 

Another is made by cooling the hot coke when it is drawn 
from the retort by smothering it with a layer of coke breeze, 
instead of quenching it by water in the usual way, and is known 
as “ Charco.” 

Through the kindness of Mr Alexander Wilson I obtained 
^specimens of coke, Coalexld, and “ Charco,” all made at Glasgow 
from the same coal, which on analysis gave the following 
results:— * 
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Coke. 

Coalcxicl. 

Charco 

Moisture after air-drying 
Proximate analysis (on dry) 

. 1.83 

1.08 

0.83 

1 t Volatile matter 

4'37 

3-13 

2.66 

' f Ash .... 

■ 5-98 

5.8G 

.543 

Sidphur .... 

0.48 

043 

0.40 

Calorific value (calories) . 

■ 3..530 

3478 

3461 

Calorific value B.Th.U. . 

. 14,120 

13.912 

13.846 


And as the " smokeless fuels ” ronlain rather less volatile 
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matter than the coke, it is hard to sec how they can be better 
domestic fuels. 

A factor of great importance in fuel to be used for manu¬ 
facturing purposes is constancy in heating value, as any wide 
variations in the temperature obtained by its use may seriously 
affect a process. In this respect coke is an ideal fuel, asCotistara 
and Kolbo have shown that the combustible matter of aU cokes 
produced under similar conditions has a constant calorific value 
of 14,400 B.Th.U. per lb., and that its calorific value may be 
determined by deducting ash and moisture and multiplying' 
the residue by 14,400. This is approkimately true for oven-car¬ 
bonised coke, but does not hold good with low temperature coke. 

Jn metallurgical coke the size of the charge and. compression 
give it great density and hardness. The coke from diorizontal 





COKE 


i8i 


retorts, owing to the thin layer carbonised, is softer and looser 
in structure, and it was feared that in the continuous vertical 
retort as the charge was always being moved on, that this 
failing would be accentualed. This, however, does not seein 
to be the case, as is shown by the two photo-micrographs of 
sections of horizontal and continuous vertical retort cokes, 
taken from Mr Newbigging’s Institution paper, in which he 
gave also the following details as to other jiliysical projicrtics 
of the two cokes, which are all in favour of the \-ertical product 
from the gas manager’s point of view. 


COMI’.VniSON OF CoKF. FH(»1 \ KRTICAL .VNI) HORIZONI.M- 
KkTOR'IS 

(okvfiMii Coke from 

ViTtu al Hoiir.oiil.il 

K,.lulls. Ketorb. 


Apparent specific gravity 
Real specific, gravity . 
Pores in coke 
Volatile,matter . 
Evaporative value 


1.079 0.915 

1.800 1.70b 

40.0(1 % by Mil. 46-37 % 6 y vol. 
0.(19 3-7.1 

15.85 lbs. 13-4 ' 6 s 


If only in the manufacture of gas the coke could be improved 
so as to fit it for domestic use, the creation of a large market 
would enable a reduction in the price of gas to be made that 
wtiuld still further increase its use as a fuel. 

1 am sure in my own mind that these are the lines which 
the gas industry should consider seriously, and that the advances 
in the next ten years must be an endeavour to get nearer the 
ideal of carbonisation, and improve both gas and coke. 

Various coals»differ very widely in the amount of their 
expansion .b'nng the period of coking, although there may 
not be much difference in the composition of the coals. An 
interesting research on this point has been carried out by Dr 
R. Lessing, and the results obtained by him arc certainly very 
striking. The apparatus employed by him consists of an outer 
tube of silica, closed at the. bottom, round which is wrapped 
a coil of platinum wire, suitably insulated to prevent radiation 
losses; the platinum wire can be made hot by an electric current, 
and provides the necessary heat for the coking operation. In 
the outer tube fits loosely an inner tube, somewhat longer, and 
furnished with a side tube and stopper, and into tliis is weighed 
one gram of powdered coal of a definite fineness ; on top of the 
coal is placed a solid pistph made of quartz rod, which prevents 
the coal being,blown out of the retort by the rush of gas when 
heating commences, but offers no obstruction to the swcUing 
of the coal. The piston has a hook by means of which it* can 
be lifted but of the tube after eaqh test. 
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This method was found to be a great improvement on the 
ordinary laboratory method for determining the volatile matter 
in coal, as the influence of atmospheric oxygen in the heating 
is entirely eliminated, and also the resulting plug of coal gives 
a very good idea of the coking power of the coal treated. 

The ai)paratus can also be a])plied to a determination of 
the gas-making ]X)wcrs of a coal. For this purpose the side 
tube of the inner silica tube is connected through a tar-collecting 
vessel to a measuring bottle. If required, the temperature in 
the little retort can be ascertained by a thermo-couple inserted 
through the stopper of the inner tube. 

As with all the results obtain«d with the distillation of coal 
on a small scale, the figures obtained must be accepted with-a 
certain amount of caution, as a laboratory test can never 
perfectly reproduce the results obtained in ordinary gasworks’ 
j)racticc. The method, however, should give useful indications, 
especially in the comparative testing of coals. 
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Tin; NITKOCIEN AND SULITIUK OF COAL AND THEIR RECOVERY 


Utilisation of nitrogen in agiiiulturo—Yield of ammonium sulphate from 
coal anil shale distillation - Nitrogen in vegetation—I'crccntage of 
nitrogen in coal and pcatt-Nitrogcii in various coals—Yield of 
aniinoiiium sulphate tier ton ol coal—The work of I'orster, Watson 
Smith, and M'Lcod on the distnlmtion of nitrogen m coal distillation 
■ ISeilby’s estimation ol the nitrogen—Nitrogen in coke—Percentage 
ol amnioma with increase of temperature—Tervet's experiments— 
The work ol Ramsay and Young on the yield of ammonia—Yield 
of ammonia per ton of coal -The liming of coal—Formation of 
ammonia liqiioi-- Composition of the liquor—Coke oven and blast 
furnace liquors —Ammonia compounds iiresent m the liquor—Free 
ami lift’d aiiimonia The manufacture of sulphate—^Theories of 
the foriiiation ol ammonia ilurmg distillation—The influence of 
dilution—Cyanogen and cyanides—Sulphur in coal—Organic sulphur 
coniiiounds in coal—Disulphide of iron and its relation to spontaneous 
ignition. 


©NE of flip most important factors in all maimrial treatment 
of grctind for agriculture is nitrogen (which can he fixed from 
the atmosphere by the plant during its growth only to a very 
limited extent), and upon which the growtli of cereals in sufficient 
quantily to supply the demands of an increasing populatwn. 
is very largely (U'pendent. It is only m certain forms that the 
nitrogen cm be presented to the plant in such a wa.y that it 
can be assimilated ; and the salts of ammonium and nitrates 
have been the compounds universally used. The sources of 
the. nitrates are limited, and their consumption has grown ^t 
even greater rapidity than that of coal. Whereas in 1880 
only quarter of a million tons were employed, dunng the last 

vear a million and a half tons were used. 

^ The chief source of this vast supply of nitrogenous matenal 
are*those great nitrate beds in Chili, at Tarapaca, and the inore 
recently discovered deposits of Antofagasta and focopilla, which 
supply^nine-tenths of the nitrate used for top dressing whore 
backward growths have to be stimulated as rapidly as possible. 

The great drain upon these deposits, however, threatens 
their exhaustion, probably within the present century, and 
as no further deposits of sufficient size to prove profitable have 
been found elsewhere, the necessity for such mtrogenous 
stimulants to plant life has led to innumerable attempts to 
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produce ammonium salts, such as ammonium sulphate, which 
can l)c made from the ammonia recoverable from coal distilled 
at the gasworks and coke ovens, as well as from slack in processes 
of the Mond type, and is one of the most paying residuals. 

The proportion of ammonium sulphate produced in this 
country from the destructive distillation of coal and shale was ; - 


Gasworks 

Shale oil distilleries 
Blast furnaces 
Coke ovens . 


65 j)er cent. 
Ip „ 

9 

1 .• 


but the yield from the latter source has largely increase^ 
The total output is roughly 260,000 tons per annum ; but 
the demand for it in every country as a fertiliser is so great that 
the suirply might be increased to an enormous extent without 
affecting the market; and one of the greatest problems of the 
present century is how to best supply the nitrogen compounds 
essential for raising tlie wheat demanded to supply the ever- 
increasing })opulation. 

Nitrogen, which constitutes approximately four-fifths of 
our atmosphere, can be, assimilated from air by tlie growing plant 
only to a very limited extent, and the inertia shown by this 
element towards direct combination renders the prolilem of 
fixing atmospheric nitrogen in a form in which it can be utilised 
an extremely diflicult one. Although in countries where abun¬ 
dant water power gives cliea]) electricity, nitrogen can be 
recovered synthetically, or by means of carbides, from the air 
and converted into ammonia, the traces of nitrogen locked U]) 
in our coal measures still constitute the cheapest source of supply 
of such nitrogen compounds, as ammonia (NH3), which in 
combination with sulphuric acid yields sulphate of ammonium. 

In growing vegetation small traces of nitrogen are found in so 
firm a condition of combination that it seems to defy the changes 
taking place in the conversion of the vegetable bases into our 
natural fuels. Some forms of plant contain more nitrogen than 
others, but as a rule 0.1 to 0.2 per cent, will represent fairly the 
amount present; and the facts that little is disengaged during 
the jirocess of change and degradation of the vegetable matter, 
and that coal contains only a fraction of the weight of the 
original deposit from which it was formed, would account for 
coal containing from i to 2 per cent, of it in combination. 

Peat, however, which is looked upon by most authorities as 
an intermediate stage in the conversion of vegetable matter, 
often contains more nitrogen than coal. Whilst the highest 
amount I have ever found in coal is 1.8 per cent., I have found 
2.5 and even 3 per cent, in specially rich peats; so that it is 
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probable that in its growth or decay the sphagnum has a special 
power of direct absorption and assimilation of nitrogen trom 

constant is the quantity of nitrogen in coal that the 
French observers of the last century considered that in making 
an ultimate analysis it was quite sufficiently accurate to 
estimate the ash, carbon, hydrogen, and sulphur of the coal and 
take the oxygen by difference, allowing a constant i as tne 
percentage of nitrogen. Since the introduction, however, of 
less laborious methods of analysis the nitrogen is generally 
determined, and we know now that 1.4 would be a fairer average 
than the unit originally take*i. The following table shows how 
ynall the variation in quantity is in coals from widely scqiarated 
sources;— 


Nitkooen in Coal (Schilling) 


Westphalian coal 
Saar coal . 
SilesiaB coal 
Bohemian coal 
Saxony coal 
English coal 
Pilseiier coal 
Bohemian lignite 


1.50 to 1-49 

i.oq 1.02 
i..5« 1-35 

1.38 1-34 

1.25 1.15 

1.49 1.40 

1.51 1.4(1 
0,5(1 0.48 


Average 1.50 

,, i-ob 

1-35 
i-3b 
,, 1.20 

1.4.5 
,, 1.40 

0.52 


If we take 1.4 ixT cent, of nitrogen as the average amount 
present in English coals, this is equal to 31.36 pounds of nitrogen 
lir 147.8 pounds of sulphate of ammonium per ton of coal But 
the amount we |an obtain is only a small fraction of this, for 
reasons we shall fully discuss. . .. , , , ^ . 

Dr Bcilby has given the average yield of sulphate of am¬ 
monium from the carbonisation of a ton of coal as follows 


Coke ovens . 
Blast furnaces 
Gasworks . 


19.7 lbs., or 13.3 % uf possible. 
20.2 13.7 

22.4 15.1 


The modern methods of carbonisation in gas manufacture, 
however, by improving the conditions under which the gas leaves 
the heated mass of coal, have raised the yield of sulphate of am¬ 
monium to about 30 lbs. per ton. If, however, power gas and 
not illuminating gas is needed and no coke is required, the 
injection of excess of stehm into coal undergoing a low tempera¬ 
ture combuslion largely increases the yield of ammonia and 
from 6s to QO lbs. of ammonium sulphate can be made pei ton 
of slack gasified. This has been a great factor in cheapemng 
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IwwiT gas, and also licljring to supply the demand for sulphate, 
which is almost unlimited, and which must increase as the sodium 
nitrate deposits get more and more depleted. But in gas and 
coke manufacture the temperatures needed to get high yield of 
gas and hard coke destroy a considerable percentage of the 
ammonia, and reduce the average yield per ton to the figures 
quoted above. 

When coal undergoes destructive distillation, the nitrogen it 
contains is distrihuied amongst the products. The proportions 
were originally determined by W. h'orster, and published in the 
Chemical Sneiely's Transaclions in i88j. He employed for his 
e.vpcriments a Ifurham coal, knowjr for its ammonia-producing 
capabilities, and having the composition : ■ , 

Carbon .... 84.34 

Hydrogi'u . . . 5.30 

Oxygen . . . 4.29 

Nitrogen . . . 1.73 

Sulphur . . . 0.78 

Moisture . .- 1.14 

Ash .... 2.42 

The nitrogen was found distributed on destructive distillation 
as follows : - • 


Evolved as ammonia . . 0.231 

„ as cyanogen . . 0.027 

Remaining in coke . . 0.842 

r 

1.120 

He surmises that the missing 0.610 is present as free nitrogen in 
the gas, although “ some, no doubt, is in the tar.” 

If those figures are reduced to the percentages of the nitrogen 
present in the coal we obtain : — 




Per cent 

As 

aninionia . 

14.50 

As 

cyanogen . 

1.56 

In 

coal 


In 

coke 

48.68 


Watson Smith, in criticising this pajier, showed^ that the tar 
contained a considerable proportion of nitrogen, amounting to 
1.667 the tar, and on distillation the various fractions contained 
nitrogen in the following percentages ; - 
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f rude benzene 

3.327 

Light oil 

3.186 

Cresotc oil 

2,005 

Red oil from anthracene . 

2.194 

Pitch .... 

I .,595 


He also foun<l that Lancashire coal tars contain on an average 
as mud) as 3 per cent, of nitrogen, and points out that the dis¬ 
tribution of the nitrogen through all fractions of the tar was to 
be expected, as the lighter naphthas contain the pyrichne bases, 
the intermediate oils and quinoline bases, whilst the anthracene 
oils and pitch will contaiiT the carbazols and acridine and 
^rrobably other nitrogenous bodies of high boiling and melting 
point. 

He also examined three samples of coke and found:— 

Nitrogen. 

Per cent. 

Ordinary gas coke . . 1.375 

Beehive oven coke . . 0.511 

Simon-Carves coke . . 0.384 

Showing that the short sharp heat of the gas retort was not so 
^ifficacious in driving out the nitrogen as a long continued high 
heat of the kind found in the coke ovens. 

Since that date many estimations of the distribution of the 
nitrogen in the coal amongst the products of its distillation have 
been made, by Knublauch, Landin, and others, but one of the 
most satisfactorily carried out researches on this point, made 
under ordinary working conditions, was that of Mclind in 1907. 
The summaiy of his results gives : — 


Nitrogen in the coke . . 58.3 

„ tar. . . 3.0 

,, ,, liquor . . 17.1 

,, ,, cyanogen . 1.2 

gas . . 19.5 


As might be expected, the most variable factor in all deter¬ 
minations of the distribution of the nitrogen in the coal is the 
amount that goes as free nitrogen into the gas, as the difficulty 
of preventing admixture of atmospheric nitrogen through leak¬ 
age into th^ retorts during distillation and into the gas during 
purification and sampling is very great; but the point which 
stands out clearly in all determinations is the overwliflming 
prepoiTderance of the amount of nitrogen left in the coke. 
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It has been pointed out also by several observers that the 
amount of nitrogen in the coal is by no means a reliable indica¬ 
tion of the amount of that element that can be recovered from it. 
Some coals, poor in nitrogen, apparently hold it in a form avail¬ 
able for recovery, and so giving good yields of ammonia and 
cyanogen, whilst other coals, rich in nitrogen, apparently con¬ 
tain it in a more resistant condition of combination, so that it 
is mostly left in the coke, and the yield of nitrogen comjxmnds 
is low. 

Dr George Beilby found that very much the same distribu¬ 
tion of the nitrogen was to be found on distilling bituminous 
shales for the production of oil; — 

As ammonia in watery distillates . 17.0 % of the nitrogen. 

In the oil as alkaloidal tars . . 20.4 

In the residue or coke . .62.6 ,, 

On fractionating the oil the fractions all contained from j.24 to 
3.54 per cent, of nitrogen, whilst the coke contained 4.T per cent. 
It seems probable that there is present a series of carbon hydro¬ 
gen-nitrogen compounds of unbroken continuity, from the 
volatile picoline (CjH,N), pyridine, aiiilin, etc., up to pitchy or 
coke-like substances, which must form a large proportion of the 
coke residue, as carbazol (CjjHjN) contains 8.38 per cent, ot 
nitrogen, and phenylnaphthylcarbazol (Cj^HjiN) contains 6.45 
per cent., whilst the residue contains 4.1 per cent. 

The wonderful stability of some of the nitrogenous con¬ 
stituents of the coal is shown by the fact that a coke residue that 
had been heated to nearly 1000° C. (1832° F'.j^in a current of 
hydrogen for over fourteen hours still contained 0.82 per cent, 
of nitrogen, after heating to whiteness 0.4 per cent., and after 
then being taken to bright whiteness in a smith’s fire for several 
hours it still contained 0.25 per cent. 

The temperatures at wliich ammonia begins to be evolved 
from coals differ considerably with various kinds. As Anderson 
and Roberts have pointed out, this suggests that the nitrogen- 
bearing bodies in them must also differ, wliilst the fixed residues 
of coal—».e. coke, derived from coals very different in charaoter 
and coming from very different locahties, contain practically the 
same quantity of nitrogen, when the cokes have been made at 
the same temperature and the other conditions have been kept 
constant. Tliis undoubtedly points to the resistant residue 
consisting of some definite body like carbazol, which is not 
decomposed at the temperature of carbonisation.* Six coals 
experimented with by Anderson and Roberts gave 
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Ell coal 

Nitmgon 

Jtt Coal. 

I’tT ccul. 

I -.53 

Nilroficn 
in rcsidiip. 
IVr ceiil. 

1.83 

Splint coal 

1.50 

1-73 

Kiltongue coal 

i .()3 

1.77 

Bannockburn Main 

1.89 

1.80 

Kilsyth coking coal 

2.04 

1.79 

Lower Drumgray coal 

2.12 

1.79 


Although tlio character of the nitrogenous material left in 
the coke is fairly clear, the nature of the compounds in the. coal 
which yield the ammonia‘during destructive distillation are 
purely a matter of surmise. 

In an earlier investigation made by Anderson and Roberts 
they came to the conclusion that '' a considerable part of the 
organic matter in coal consists of a com])lex compound compara¬ 
tively rich in niti'ogen and containing sulphur as well.” 

We have seen the wonderful tenacity with which the niti'ogen 
clings^ to the coke. It is, therefore, a perfectly justifiable in¬ 
ference that that nitrogen is ])resent in the cord in the body or 
bodies that do most towards forming the carbonaceous basis 
of the coke. We have also sc-en that the humus bodies in their 
degradation during the formation of coal ai'e the, ones that 
jeft the residuum of carbon, and also that, on carbonising, the 
humus bodies in the coal leave a large residue of carbon, whilst 
the resin bodies leave but little. This points to the humus 
as being the compound carrying the nitrogen. Again, we 
have seen from the work of Braconnot that in peat it is the 
humic acid that is the nitrogeir-carrier. All of which points to 
these compounas in the coal being the ones that hold the 
nitrogen. 

An experiment made by Anderson and Roberts indicates the 
same thing. They took a sample of dry ell coal and heated it 
in a current of dry carbon dioxide at a temperature of 300° to 
315° C. (572° to 699° F.) for four hours, by which time it had 
lost 9.5 jxrr cent, in weight, and the composition of the substance 


before and after heating was :— 

Uefore. 

After. 

Carbon . 

. 80.74 

82.67 

Hydrogen 

5-07 

5-32 

Oxygen and sulphur 

12.47 

10.00 

Nitrogen ,. 

1.72 

2.0Z 


They then oxidised these residues by nitric acid, and dissolved 
them in ammonia, from which they could be precipitarted by 
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acids as flocculent precipitates, 
gave: — 


Carbon . 

Hydrogen 

Oxygen 

Nitrogen 

Sulphur 

Ash 


These were analysed and 

Uefore. After. 

58.45 58.57 

3 - 1.8 3-01 

32.3O 32.28 

4.70 4.60 

0.72 0.71 

0.53 0.83 


The bodies are clearly identical; and the inference they draw 
is that the nitrogenous molecule in the ell coal remains intact 
even when the coal is subjected tb a temperature of 300“ to 

315° t'. ' • 

The point to which I want to draw attention in tliis 
experiment is that in heating the ell coal to 300° to 315° C. 
the change in its composition which took place was a decrease 
in the quantity of oxygen and an increase in the hydrogen, 
showing clearly that it was a humus body that was being de¬ 
composed. In a further experiment Anderson and l-ijjberts 
found that evolution of ammonia started btdween 315° and 400° 
C. (572° and 752° F.). 

The fact that ammonia is a low temperature product of 
the distillation of coal was made abundantly clear to me by the 
results obtained in the “ Coalite ” process, where the yield of. 
sulphate of ammonium averaged 12 lbs. per ton of coal carbon¬ 
ised at 420° C. {788" F.), and the fact is fully comfirmed by 
Burgess and Wheeler in their researches upon the volatile con¬ 
stituents of coal, in which they decomposed different classes of 
coal at var}dng temperatures, and also subji^cted coal to a 
fractional distillation in a vacuum, and found in every case that 
the largest yield of ammonia took place with the lowest tempera¬ 
tures employed. 

The results as regards ammonia, abstracted from their tables 
of results, arc as follows :— 


Percentage of Ammonia in Gas Evolved. 


TfDipprature of 

Bituiniuous 

AUoft’s 

Semi- 

Bituminous 

Anthracite 
J’ontybcren, 
S. Wales. 

Distillatiotu 

SUksteme 

Seam. 

Penrhycyber, 

S. Wales. 

15 to 350° C. 

5.60 

2.50 


400 

2.25 


2.90 

450 

1.20 

2.3.8 

. . 

500 

1.10 

• 

2.20 

550 

1-45 

0.60 


600 

0.50 

0.15 

1.05 

650 

nil. 

nil. 
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In their first paper they distilled the same coals at tempera¬ 
tures rising from 500° to 1100° C. (932° to 2012° F.), but not 
in a vacuum, and obtained;— 


'I'einpcratiirc ot 
DistillAtion. 

Bilrnnuioiis 

Allolt’s 

Silkstonc 

Scam. 

Scnii- 

Hihimmous 

Pciirhvcybcr, 

S. Walfs. 

Anthracite 
IVutybercn 
S. Wales. 

500° C. 

2.00 

3.10 

4-35 

600 

0.70 



700 

1.10 

0.80 


800 

0.85 

o.Go 


goo 

nil' 

0.30 


1000 

nil. 

0.20 


TIOO 

nil. 

O.IO 

nil. 


These experiments were jiiade with two grams of coal. It 
will be noticed that the evolution of ammonia practically ceases 
at the .temperature when in praetici' the evolution of ammonia 
is reaching its maximum, this being due to the cause that renders 
all such experiments of little or no use in considering the actions 
taking place on a large scale, i.c. the absence of extended surface 
contact. Instead of each stage of the distillation being at a 
gradually increasing heat and in presence of the condensed 
liquids given by the primar)' actions, the whole of the coal 
is raised in two minutes to the retort temperature and 
the tar freely escapes, but little condensation taking place. 
Enough, however, is converted into pitch to give good coking, 
which is typicaj of rapid carbonisation, the hot exterior of 
each particle decomposing some of the products passing out 
fiom the interior of the, grain, no matter how finely it is 
ground. 

The very fact, however, of the rapid removal of the products 
from the zone of action makes the experiments of great value 
from the scientific point of view, and the fact that a considerable 
proportion of ammonia is evolved below a temperature at which 
it is possible to be due to secondary reactions indicates clearly 
the^presence in the coal of a body or bodies capable of yielding 
it as a primary product of decomposition. 

The ideas existing as to the source of the ammonia yielded 
by coal on carbonisation are based on experiments made in 1883 
by Tervet, who showed that when a coal has been distilled at a 
red heat, and the rich hydrocarbon gases have just ceased 
coming off, *a stream of hydrogen passed through the red- 
hot mass causes the formation of ammonia in considerable 
quantity. In his experiments he used charges of 100 gr&as of 
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coals in a 4-inch tube. A series of tests in wliich the tempera¬ 
ture of the tube and the flow of hydrogen were gradually 
increased gave the following results when calculated to pounds 
of sulphate of ammonia per ton of coal: - 


Lbs. per Ion. 

I. . . . 29.65 

II. . . . 34.21 

III. . . . .34.21 

IV. . . 45.61 

V. . . . 52.J0 

VI. . . * . 50.72 

VH. . . . 57.02 

From the description of (lie e.xperiments the temperatures 
probably ran from 800° to nearly 1000" C. (1472“ to 1832° P'.). 

The explanation of the action taking place given by Tervet 
is that " the nitrogen existing in coke can be liberated in the form 
of ammonia, it being only necessary to bring the compound info 
a state of strain by subjecting it to the superior allinity which 
exists between the combinerl nitrogen in the coki' and free 
hydrogen at a particular tem)H‘rature and in a predominating 
atmosphere, which shall prevent it from subsequent decom* 
position. 

Tervet also made experiments with other gases, and found 
that methane, carbon dioxide, ;ind nitrogen had no action, 
and carbon monoxide I'cry little ; but the coke which had been 
submitted for hours to the action of these {jases, which had 
ceased to wash out the smallest trace of ammonia, directly a 
stream of hydrogen was turned into it, gave ammonia in 
abundance. 

He concludes his paper by stating that low heats in car¬ 
bonisation favour the retention of the nitrogen by the coke, 
and high temperatures favour the production of gas and 
ammonia. A fact, however, which must not be overlooked 
is that ammonia gas is very easily decomposed again by heat 
into nitrogen and hydrogen, and although a high temperature 
may favour the dislodgement of the nitrogen from the coke, 
and help the synthetic production of ammonia, yet the higher 
the temperature the greater will be the destruction of the 
ammonia molecules. 

Ramsay and Young made a series of*experiments to ascertain 
what the temperature was at which ammonia ufiderwent de¬ 
composition by contact with a heated surface. They passed 
a slow stream of ammonia gas through a heated pcrcelain 






NI'CROGEN AND SULPHUR OF^COAL 193 « 


tube filled with broken pieces of porcelain, and obtained the 

following results 

Percentage of 

Tempeniturc. 

Ammonia 

Decomposed. 

500° c. 

1-57 

520 

2.53 

() 0 O 

18.28 

620 

25 - 5 S 

680 

35-01 

6go 

47-71 

8io-8ro 

• 

69.50 

^'ith an iron tube filled with broken porcelain, the action was 

more marked - 

Percentage of 

Temponitiire. 

Ammonia 

Decomposed. 

. 5 '> 7 -. 527 ° 

. 4-15 

boo 

34-44 

628 

65-43 

676-695 

66.57 

7 . 1 ° 

93-38 

780 

100.00 


So that the decomposing point begins a little below 500° C. 
(752° F.)’ which it proceeds at rising temperatures 

is influenced largely by the nature of the heated material, and 
also by the time of exposure and area of heated surface. 

It is quite clehr that if under the conditions existing in gas 
menufactu.e the di composition of the ammonia proceeded at 
this rate and at these temperatures, no ammonia would ever 
be found in the gas, as it would be all decomposed at 800° to 
noo° C., whereas if the temperature which in practice gives the 
largest jdeld of ammonia be carefully noted, it is when the cod 
is giving about 9500 cubic feet per ton, and we know that this 
corresponds to just about the temperature at which, from 
Ranjsay and Young’s experiments, all the ammonia ought to 
be destroyed. 

The yield of ammonia per ton of an ordinary gas coal car¬ 
bonised at various temperatures and the yields of gas for six- 
hour charges in an ordinary horizontal retort may be taken 
approximately as follows;— 
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1 

Vnij»fratiii<‘ 

Cubic Feet 
por Tiiu. 

Lbs. of Aimnoiiwi 
recoverable 
perToii. 

400 

to 

500° c. 

5,000 

T 2 

500 

to 

600 

7,200 

15 

()00 

to 

700 

7.500 

17 

700 

to 

800 

8,300 

20 

800 

to 

900 

<1,500 

2O 

CJOO 

to 

1000 

10,300 

24 

1000 

fo 

TTOO 

11.000 

20 


We have seen from Anderson and Roberts’ researches, 
which are fully confirmed by these of Burgess and Wheeler, 
that evolution of ammonia commences at from 313° to 
400° C. (399° to 732° F.), with many coals, and--although 
as far as 1 know the fact has never been pointed out-—it 
is impossible that the Tervet reaction can take place at 
this temperature, requiring as it does a red heat and abundance 
of hydrogen. 

It is fairly certain that hydrogen is not a primary product 
of the decomposition of coal, and appears in the gas fii large 
quantities only at temperatures certainly above 400" C. More¬ 
over, it cannot be hydrogen formed by the action of carbon on 
moisture, because this commences, according to Bunte, only 
above 600° C., so that one is forced to the conclusion that the 
ammonia which is formed below 300° C., and is in quantity 
sufficient to give 12 lbs. of sulphate of ammonia per ton of coal, 
is derived from a nitrogenous organic body or bodies decom¬ 
posing at from 313° to 300° C. in such a way that it evolves its 
nitrogen direct as ammonia. It is perfectly clear, however, 
that the Tervet reaction takes place at a hf^ffier temperature, 
and gives the further increase in the quantity of ammonia, 
which reaches its maximum at between 800° and 900“ C., 

' when hydrogen is being evolved in the largest quantity from 
the luting pitch in the coal, the very stronghold of the nitrogen 
molecule. 

Burgess and Wheeler have shown that all the primary 
ammonia has come off at 630° C. (1208° F.), and they obtained 
no ammonia from the secondary synthesis, because the quantity 
of material taken was so small that the ammonia formed'was 
decomposed at once owing to the small amount of diluting 
gas and enormous ratio of heating surface ; but there is no 
doubt that in ordinary carbonisation, in retort, chamber or 
oven, the ammonia produced is duq, to two distinct sets of 
actions. 

The question, however, has not been answered as to how 
it is'-that just at the temperatures found by Ramsay and Young 
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to produce complete destruction of the ammonia, the largest 
yield is being given by the carbonising mass. 

Their experiments show that if wo take ammonia gas by 
itself, and pass it through an iron tube packed with broken 
porcelain, the gas is all decomposed at a temperature of 780° C., 
but if instead of using it pure the ammonia be diluted with coal 
gas so that only 15 per cent, is present, on passing through the 
tube only 80 per cent, is decomposed ; dilute it down to 10 per 
cent, and decomposition falls to about 30 per cent.; reduce 
it to 5 per cent, and less than 20 per cent, of it is broken up ; 
so that in all probability, when the minute trace is formed by 
synthetic action in the retort even at 1100° C., only 10 to 
15 per cent, is again brokerf down. This is undoubtedly the 
rtason for its presence at a temperature so far above its point 
of decomposition. 

A point which cannot be emphasised too strongly is that 
it is not every coal that will yield ammonia freely, and that 
analysis of the percentage of nitrogen present is no criterion 
of tliis. Tliis is true of both the low and high temperature 
reactions, and Anderson and Roberts found that there is a 
considerable difference in the temperature at which various 
coals begin to give off the low temperature ammonia, some 
evolving it at 350° C., whilst with others it does not appear 
until 480° C., and marked signs of differences of the same 
ctiatacter are to be found in the Tervet reaction with various 
coalSu 

• 'From the results of other experiments made by Anderson 
and Roberts showing that no part of the nitrogen of coal 
is liberated during carbonisation as free nitrogen, and 
the fact that it is always found in the gas, it is evidently 
due to the breaking up of ammonia in contact with heated 
surfaces. 

Dr Beilby has pointed out that the structure of coal has a 
great deal to do with the way in which various kinds of coal 
hold the nitrogen, which influences its distribution amongst 
the products of destructive distillation. Splint, cannel, and 
coking coals show obvious differences in structure, and after 
coking these differences are accentuated. Splint and cannel 
when coked not only retain the original form of the coal, but 
also its organised structure, so that the porosity is akin to that 
of charcoal, whilst high ash adds to this property. Surface 
has an all-powerful influence in the decomposition of basic 
• nitrogenous bodies to ammonia, and Grouven, in decomposing 
his peat tars for ammonia, had to pack his decomposing tubes 
with porous material; so that it is possible that the extra 
surface presented by the nature of some cokes may influence 
the decomposition. 
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The fact that combustion with soda-lime will convert the 
nitrogen of coal and coke into ammonia probably suggested 
to Cooper the idea of liming coal before carbonisation, to 
increase the yield of ammonia, and, according to his hopes, 
improve the quality of tar, gas, and coke. To do this zj 
per cent, (of the weight of the coal) of lime was slaked and 
mixed witli the coal. It was widely tried, but the results 
were so contradictory that the process gradually sank into 
oblivion. 

It has been revived recently at Cheltenham in a slightly 
altered foiin ; ground caustic lijne to the e.xtent of 1.79 to 2 per 
cent, was fed by a hopper on to the coal as it went tlirough the 
coal breaker, a small ]et of steairi being introduced under the 
rollers of the breaker to cause the lime to cling to the broken- 
up pieces of coal. In this way, small as was the quantity of 
lime used, ])erfect admixture was attained, and after more 
than a year’s experience of the process it was found that the 
sulphate of ammonia was increased by 1.88 lbs. per ton, i.e. 
from 24 to 25.28 lbs., the )deld of gas increased and the sulidmr 
in it reduced, whilst stopped ascension pipes, which had been 
a great trouble in the works, were done away with. If these 
results can be maintained, this revival certainly means a 
great advance, as the coke also seems to share in the general 
improvement. 

During the ordinary practice of carbonising coals for g?.s 
manufacture 10 to 12 gallons of water, partly due to moisture 
in the coal, partly to hygroscopic moisture, and partly to water 
formed by the direct combination of some of the hydrogen 
and oxygen of the coal substance, are formed, and condensing 
largely in the hydraulic main carry down with them the ammonia 
and ammonia salts which have been formed % the combination 
of free ammonia gas with carbon dioxide, sulphur acids, and 
other bodies of an acid nature, in the gas. The remainder of 
this is taken out in the condensers and scrubbers, and small 
traces may exist as far as the purifiers. The strong liquor from 
the hydraulic main and condensers and the wash water from the 
scrubbers, concentrated as far as possible by repeated use, 
are all led, with other condensation products, to the tar well, 
and there, separating by gravity, yield the ammonia liquor and 
tar. 

The complexity of the compounds present in the liquor 
may be judged from the following table of analyses taken 
from the Alkali Inspector’s reports:— 
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During the process of coking coal in the oven the same 
set of actions takes place as in the retort, but they are spread 
over a considerably longer space of time, so that the coke nearest 
to the walls of the retort is baked for a very much longer period, 
and nitrogen, probably as ammonia, is evolved therefore to a 
large extent; but the extra contact due to the bulk of the 
charge plays the same havoc with this that it does with the 
illuminating hydrocarbons, and as a result the yield of ammonium 
sulphate in lbs. per ton is below the average yield in gas manu- 
■ facture. There is also a difference in the strength of tlie liquors 
condensed from the residuals, which is weaker in the case of the 
coke oven liquor than with that from gas, as the coal employed 
nearly always contains more moisture and pit water from 
washing processes it has undergone, and every extra per cent, 
of moisture in the coal represents from 2 to 2J gallons of water 
in the condensers. 

The following table gives the analyses of three coke oven 
hquors, taken from the same reports as those of the gas liquor : — 


Specific gravity 

I 

1.030 

2 

1.017 

.) 

l.OIO 

Cyanides 


trace 


b'errocyanide 




Chloride (as HC'l) . 

0.071b 

0.392 

trace • 

Ammonia, total 

I -.542 

1.613 

0.364 

,, fixed 

0.242 

0.239 

0.114 

,, free 

1.300 

1-374 

0.250 

Hydrogen sulphide 

0.057 

0.3.33 

0.0017 

Sulphur, total 

0-3754 

V 0.3720 

0.1651 

Carbon dioxide 

2.315 

1.170 

0.481 

Distribution of sulphur, 

, per cent.— 

As Sulphate 

6.47 

6.64 

37-73 

Sulphocyanide 

7.04 

8.42 

16.84 

Thiosulphate 

72.19 

0.71 

44.46 

Sulphide 

14-31 

84.22 

0.97 


We have seen that another source of ammonia is to be found 
in those blast furnaces in which splint coal, located chiefly in 
the west of Scotland, is employed, and many of these are now 
fitted with recovery plants, the chief differences being a much ^ 
greater volume of gas has to be dealt with, that there is more 
moisture present and therefore more liquor, aijd that shght 
variations are produced by air playing an important part in 
the actions taking place in the lower portion of the furnace, 
with the result that the sulphides and sulphocyanidcs, which 
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have been abundant in the other forms of liquor, practically 
disappear. 

The following table comes from the same source as the two 
previous tables;— 

I -2 3 


Specific gravity 

1.005 

1.010 

1.009 

(iyanides 



trace 

Ferrocyanide 



trace 

(ihloride (as HCl) . 

0-233 

trace 

trace 

Ammonia, total 

0.1(12 

o.S^.") 

0.329 

,, fixed 

0.082 

O.OIC) 

0.006 

,, free . » 

0.080 

0.368 

0.323 

Hydrogen sulphide 



Sulphur, total 

0.0021 

o.oo()6 

0.0039 

Carbon dioxide 

Distribution of sulphur, per 
cent.- 

0.116 

0.755 

0.708 

As Sulphate 

42.8(1 

30.30 

38.40 

Sulphocyanide 




Tliiosul))hate 

57 M 

(19.70 

61 -.54 

Sulphide 





In gas liquor, whether obtained from the gasworks, coke 
uvens, or blast furnaces, the ammonia is combined with any 
substances of an acid nature that may be present, and the 
following salts have been identified as being present in it:— 

Volatile 

* Ammonium carbonates. 

,, sulphide. 

,, hydfosulpliide. 

,, cyanide. 

,, acetate. 

Fixed. 

Ammonium sulphide. 

,, sulphite. 

,, thiosulphate. 

,, thiocarbonate, 

„ chloride. 

,, sulphocyanide. 

,,* ferrocyanide. 

The first class of compounds is generally improperly called 
“ free ammonia,” because the mere action of boiling the liquor 
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decomposes the salts and drives out ammonia, whilst the second 
class is spoken of as “ fixed ammonia,” because a strong caustic 
alkali has to be added before the ammonia is set free by the base 
of the alkali used forming a salt with the acid in combination 
with the ammonium, and liberating ammonia gas. Free 
ammonia in the true sense of the term is hardly, if ever, found 
in gas liquor, that is, uncombined, as the quantities of carbon 
dioxide and sulphur compounds are in excess of the ammonia 
as the gas leaves the retort, and, as cooling commences, combine 
with it. 

Analyses of gas liquors are misleading, as it depends entirely 
upon the part of the condensing p,lant from which the liquor 
is taken as to what its comi)osition is—that from the hydraulij; 
main differing widely from the liquor obtained from the con¬ 
densers, and this again from the product of the washers. 

The liquors, however, are all mixed in the tar well. Its 
value for making sulphate of ammonia is expressed in ‘‘ ounces,” 
which represents the number of ounces of pun* sulphuric acid 
the ammonia in combination in the liquor is capable of combining 
with per gallon. A lo-ouncc liquor is one a gallon of which 
requires lo ounces of sulphuric acid of a specific gravity of 1.0G8 
at 15° C. (59° F.) to form sulphate of ammonia with the salts in 
solution in the gallon of liquor. 

Gas liquor is worked up into sulphate of ammonia by treating 
it with steam to drive out the ” free ammonia,” adding lime tO 
break up the fixed salts, and again steaming. The ammonia 
liberated by the two steamings is then passed into sulphuric 
acid in a lead tank, and as the liquid becomes saturated, and the 
sulphate of ammonia crystals form, they are recovered by means 
of ladles, drained, washed and dried. t 

The process is generally a continuous one, and many different 
forms of plants have been devised for carrying it out. 

We have seen from the work of Ramsay and Young that 
when ammonia gas alone is heated above 500“ C. decomposition 
ensues, and also that dilution retards this process, so that in 
the stream of coal gas leaving the red-hot retort a considerable 
number of molecules have escaped destruction, whilst others 
have fallen a victim to contact with either red-hot coke or the 
carbonised surface of the retort. In the nascent condiVion, 
that is, at the moment they are born from a decomposing com¬ 
pound, and probably before the atoms have found their fellow 
atoms to form a molecule, the nascent elements commit in¬ 
discretions they would never dream of when settled down into 
a steady-going molecule, and und^;r such cqnditions the 
nitrogen from decomposing ammonia will combine directly 
with red-hot carbon to form cyanogen and hydrocyanic acid. 
Other observers consider that it is a case of double decomposition. 
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between carbon monoxide and ammonia that 5nelds the 
hydrocyanic acid. 

Considerable light has been thrown on the course taken 
by the reactions by the researches of Bueb, Bergmann, and 
others. Dr Bueb tried the action of ammonia on charcoal 
at temperatures varying from 800° C. (1472° F.) to 1000° C. 
(1832° F.), and also at 1150° C. (2102° F.) to 1180" C. (2156° F.). 
It was found that at 800° C. about 4 per cent, of the nitrogen 
of the ammonia was converted into hydrocyanic acid, but 
that at a temperature of 1000° C. as much as 24 per cent, had 
been converted, and the remainder of the ammonia decom¬ 
posed into free nitrogen and hydrogen. In order to try what 
would happen in tlie presence of coal gas, a mixture of ammonia 
and coal gas was employed and passed ov'er the incandescent 
carbon, when 60 per cent, of the nitrogen of the ammonia was 
converted into hydrocyanic acid, 20 per rent, came off free, 
and 20 per cent, remained unchanged, this taking place at 1130“ 
to 1180° C. 'file addition of coal gas to the ammonia may act 
in two ways in causing this great increase in the percentage of 
hydrocyanic acid formed :— 

(i) The hydrocarbons in the coal gas may decompose, and 
by ydelding nascent carbon increase the amount of reaction 
between the carbon and hydrogen ; or 
, (2) They may act merely as a diluent and so prevent too 
ftipid decomposition of the ammonia, and give time for a better 
completion of the action. 

In order to solve tliis j)oint, two ex])eriments were made 
at the same temperature as before, the one with coal gas and 
ammonia, the second with coal gas carburetted with pentane 
and ammonia, wlisn it was found that the extra carbon yielded 
by the pentane did not increase the yield of hydrocyanic acid. 

Kulmanu had found that when carbon monoxide and 
ammonia are passed over spongy platinum some hydrocyanic 
acid is formed, and it was thought that perhaps carbon monoxide 
in the gas when passing over incandescent carbon acted in 
the same way on the ammonia. Experiments were therefore 
made with mixtures of carbon monoxide and also generator 
gas mixed with ammonia by passing over incandescent carbon. 
The^onclusion arrived at was that the greater ydeld of cyanogen 
obtained when ammonia is diluted with other gases is not due 
to any chemical interaction, but solely to the diluted ammonia 
being better able to resist resolution into hydrogen and nitrogen 
than when undiluted. 

It would serve no useful purpose to reproduce the details 
of all the experiments, but those with mixed coal gas and 
ammonia are of value as showing the influence of dilution in 
saving ainmonia from decomposition at temperatures far above 
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the point at which it would be broken up entirely if undiluted, 
and also the increase in the production of hydrocyanic acid :— 



I 

II 

III 

IV 

V 

Duration ol experiment—minutes 

.hi 

47 

150 

180 

1S5 

Temperature, C. . 

1100 

1100 

1040 

1100 

1100 

,, " F. . 

201,2 

2012 

1904 

2012 

2012 

Per cent, aiiiinonia in mixture . 

«-7 

9 h 

120 


M 

(jranis per liour 

I‘crcentage of nitrogen— 

0 () 

1 S 

cS (, 

<>•3 

0.2 

Found as hydrocyanic acid 

. li) i 

22.S 

ii 0 

4(1 0 

52-5 

„ unchanged ammonia 

iX) 2 

4 

51.0 

2T 0 

ly.o 

,, gas (free nitrogen) 

■ II 7 

41.8 

iS.o 

3*2 4 

2B.5 


The most favourable teraperatu're tor formation of cyanogen 
varies according to the nature of the diluent. With carbon 
monoxide, generator gas, and with mixtures of nitrogen and 
hydrogen, it lies between 1000° and 1100° C., but with coal gas 
rich in hydrocarbons the best temperature is slightly higher. 

Langlois, Kuhlmann, and St Claire Deville all considered 
that ammonium cyanide was formed and was stable at high 
temperatures; but this view apparently is erroneous, and the 
survival of the hydrocyanic acid as well as the ammonia at the 
heat of the retort is due entirely to dilution. 

The formation of cyanides during destructive distillation 
has been ascribed also to the action of carbon disulphide on 
ammonia at a liigh temperature ; but it does not seem reasonablt 
to suppose that the ammonia should interact with traces of 
carbon disulphide when in presence of such enormously larger 
quantities of red-hot carbon and hydrocarbons of greater ease 
of decomposition, and it has also been suggested that it may be 
formed by the double decompo.sition of ammdnia and methane. 

In spite of cyanides being formed by the action of ammonia 
during decomposition, it does not at all follow that a good 
yield of the one means a bad yield of the other. The amount 
of both that we recover are, after all, only remnants, and the 
yield depends largely on conditions, such as the amount of 
dilution and the degree of heat to which they are subjected. 
As Mr Mueller has pointed out, simultaneous high or low yields 
of both are quite as frequently found as a high }deld of the one 
at the expense of the other. *• 

When iron purification for the gas is used cyanogen com¬ 
bines with the hydrated iron oxide to form ferrocyanidc, which 
reduces the puTif}dng power for sulphuretted hydrogen, and in 
the gas it has also a corrosive action on iron, as where rusting has 
started the cyanogen again forms fertrocyanides and seems to 
accelerate the corrosion. ‘ 

The reason why ammonium cyanide is not formed, or if 
it is. only in very small traces, is because both carbo» dioxide 
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and sulphuretted hydrogen can turn it out of combination. 
If it were not for this, hydrocyanic acid could never get 
past the scrubbers; but if it does combine with ammonium 
the ammonium cyanide would be decomposed to ammonium, 
carbonate and sulphide and the hydrocyanic acid be again 
liberated. 

When, however, cyanogen or hydrocyanic acid combines 
with iron to form hydroferrocyanic acid the ferrocyanidc is 
not decomposed by either carbon dioxide or sulphuretted 
hydrogen. The same is true of sulphocyanic acid (HCNS). 
This is the basis of the wet methods employed for the extraction 
of cyanogen from the gas. Iji the one process the gas is washed 
■with ammonia liquor in which sulphur has been dissolved, so 
as to form ammonium polysulphides, which absorb the hydro¬ 
cyanic acid in the gas, 'forming ammonium sulphocyanide, 
whilst in the other process or processes (for there are several) 
the gas is scrubbed with an alkaline solution containing an oxide, 
hydrate, or salt of iron which, absorbing the cyanogen, forms 
the ferrocyanidc. 

Coai invariably contains sulphur, and, although in many 
kinds the amount is small, it is a great drawback to its use for 
many purposes. The amount present in typical English coals 
and its resistance to heat, as shown by the amount still retained 
by. the coke during the ordinary carbonisation in a retort, is 
*hown by the following analyses made by Constam and Kolbe. 


Nottingham, bright coal . 
Lancashire, Ttencherbone 
Nottingham, best hard 
Kinneil . 

Durham, Low Main seam 
Durham, Hutton seam 
Yorkshire, Barnsley . 
Durham, Ballarat seam 
Welsh, Nixon’s Navigation 


Sulphur Sulphur 

lu Coal. iu Coke. 

I’er cent. l*cr cent. 

I.IO 0.83 

0.85 0.73 

0.61 0.43 

1.23 1.65 

0.64 0.71 

0.81 0.69 

o.6r 0.43 

0.42 0.54 

1.07 i.ii 


fhe sulphur is present in the coal in several forms. In some 
we find gypsum or sulphate of lime, disulphide of iron, known as 
pyrites or coal brasses, and also organic sulphur compounds, 
about the nature of which we know nothing. 

Drown, Helm, and Muck all drew attention to this organic 
sulphur in the early ’eighties, and it had been thought to be 
present by PSrey at a much earlier date. Helm, having noticed 
that vapours containing sulphur are evolved by coal when 
heated at a temperature well below the boiling point of sulphur 
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or the decomposing point of pyrites, came, to the conclusion that 
they must be due to organic compounds of sidphur, and 
attempted to extract the body that yielded them by such 
solvents as alcohol, petrol, potash, etc., but not succeeding, he 
determined the iron, sulphuric acid, and total sulphur from two 
English coals, and obtained the following results;— 

Organic biilpiuir as 
Sulphur. I’ynles. 

1.0,472 0.232 

11.0.818 0.102 

Muck in 188O conlirmed the presence of organic sulphur in 
coal, and came to the conclusion that the distribution of thy. 
sulphur of the coal amongst the products of its carbonisation 
depended largely upon the character of the mineral constituents 
of the ash. If, for instance, a coal contains much oxide, silicate 
or carbonate of iron, this is reduccM to metallic iron during 
carbonisation, which combines with the sulphur and fixes it, and 
we find it present in the coke, whilst if there is no iron to fix it, 
the sulphur is found in the gas and tar. “ 

This is true probably to a certain extent, but we know that 
in burning a coal or a coke on a fire or in a furnace the ash is 
sometimes red with oxide of iron, which is taken as an indication 
that pyrites were present in the original coal to more than an 
average extent, and yet the sulphur is so resistant that it iS 
found in the ash, as shown by the following analyses given by 
Percy:— 


Coal ot the 
Carboniferous 
I’cnod. 

.Asli in coal, 
per cent. 

Sulphur in 
coal, tier 
cent. 

Sulphur in 
asli, iKT tent. 

Proportion 
“ilphur of 
oriKUial ash. 

Sulphur 
evolved in 
bunung. 

I. . 

7.360 

0.789 

9.464 

0.696 

0.093 

II. . 

5.760 

o-gy.i 

14.663 

0.844 

0.129 

Ill. . 

16.530 

3.264 

18.174 

2.424 

0.840 

IV. . 

48.316 

1.746 

2.798 

1-352 

0-394 


The original source of the sulphur in coal is in all pr^ba- 
bihty calcium sulphate, of which 2 to 5 per cent, is found 
in the ashes of vegetation, and wliich still exists in coal ash. 
Under the influence of temperature, pressure, and heat in the 
presence of carbonaceous matter the sulphate slowly becomes 
reduced to sulphide, which in contact with iron salts, especially 
the carbonate dissolved in the carbonic acid in infiltcring water, 
combines with the iron and forms sulphide and disulphide of 
iron. 
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This disulphide of iron, according to the conditions under 
which it is formed, is found in the coal sometimes as a dark 
powder closely resembhng coal itself, sometimes in thin golden- 
looking layers in the cleavage of tlic coal, and sometimes in 
masses and veins of considerable size. It was this substance 
which was, and sometimes still is, eredited with being the 
eonstitiient of coal responsible for heating and spontaneous 
ignition, it being supposed that its rapid oxidation on contact 
with air when the coal was removed from the mine gave out 
sufficient heat during its conversion from sulphide to sulphate 
to ignite the coal, but the following table, due to Richters, 
shows clearly that some coals containing the least sulphur are 
tlie most inflammabk'• 


I >f('rce of 

Sclf-iuflammabilitv. 

Difficultly 

self- 

inflammable 

Medium. 


Readily 

self- 

infiammablc. 


I 


4 

5 
() 

7 

8 

9 

10 

III 


liun I’yntfS. 

W.ilor. 

I’cr cent. 

P(jr cent. 

i-L! 

^■54 

J. 01 - 3.04 

^•73 

J-,5i 

.1.9') 

1.20 

4-5U 

1.08 

4-53 

1^5 

4-73 

1.12 

4-85 

1.00 

q.oi 

0.83 

3-.?<> 

1-.15 

4-8.3 

0.84 

3-52 


During the destructive distillation of coal one of the first 
compounds that shows itself with the water vapour and carbon 
dioxide is sulphuretted hydrogen, and also probably volatile 
organic, sulphur compounds like thiophene (C4H4S), traces of 
which are ootained in ordinary coal tar, whilst it is more 
abundant in low temperature tar. Sulphuretted hydrogen is 
present in low temperature gas to the extent of 1.8 per cent., 
whilst at high temperatures the action of the sulphur on the red- 
hot carbon yields carbon disulphide. In the tar and liquor 
we find sulphuretted hydrogen, ammonium sulphide, ammonium 
sulphocyanide, sulphur dioxide, carbon disulphide, sulphur 
alc(Miols or mercaptans, and a series of thio-hydrocarbons, 
with boiling points from 84° C. to 225° C., with still a large 
proportion of the sulphur remaining in the coke. 



CHAPTER X 


MODERN COAL GAS 

The primary products of the decomposition of coal by heal—Secondary 
dccomjiositions at low temperature—Effect of heat upon the secondary 
products—Improvements in the gas obtained by new methods of 
<'arbonisation—^The composition ofr the gas from Glover-West con¬ 
tinuous vertical retorts—From Dessau vertical retorts—Advantages 
of continuous carbonisation—Composition of gas from ordinary 
horizontal retorts —The alteration of the standard of illuminating 
power—^I'he calorific value of gases and the advantages of a calorific 
standard—The Scttlc-Padfield vertical retort—Suggestion for a 
continuous system of carbonisation—The autocarburetting process 
and its results—Its application to continuous carbonisation. 

Having now reviewed the action of heat on the coal constituents, 
we are in a position to discuss the actions which have resulted 
in the gas manager being able to increase his yield per ton of 
coal from below 10,000 cubic feet to over 13,000. 

We have seen that the primary products of the decomposition 
of coal by heat are ;— 

Water vapour. 

Oxides of carbon. 

Saturated hydrocarbons—^methane, ethane, etc. 
llnsaturatcd hydrocarbons. 

Ammonia. 

Sulphuretted hydrogen. 

Liquid tar of a paraffinoid nature. 

The first three constituents so overshadow the other gases 
in proportion that the primary gases might almost be stated 
as:— 

Water vapour. 

Oxides of carbon. 

Saturated hydrocarbons. 

The lowest temperature, however, at which we can 
practically distil coal is 400° to 509° C. (752° to 932° F.), 
and secondary actions and decompositions haiHng started, 
hydrogen makes its appearance, and the composition of the gas 
approximates to:— 
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Hydrogen 

Saturated hydrocarbons— 

27-5 

Methane 

• 4 « 

Higher members 

10.1 

3 «.i 

Unsaturated hydrocarbons . 

3 -<- 

Carbon monoxide 

7-3 

Carbon dioxidi- . 

2.5 

Nitrogen .... 

1.6 


The gas before iron purification contains about 1.8 per rent, 
of sulphuretted hydrogen. 

The low temperature gas, of course, varies with the coal 
used. The hydrogen is often below 18 per cent., and the 
saturated hydrocarhons up to 68 per cent. 

One source of the increase in volume in high temperature gas is 
the breaking down of this primary gas by contact and radiant 
heat, and we will try to gain an idea of what this will amount to. 

On passing this gas through a tube containing broken 
porcelain, to give plenty of contact, and heated to 1000° C. 
(1832“ f.), we obtain a gain in volume of ii per cent., and the 


composition is : — 

Hydrogen . , . . 52.3 

Methane ..... 34.0 

Unsaturated hydrocarbons . . 2.5 

Carbon monoxide . . . . '8.8 

Carbon dioxide . . . i.c 

Nitrogen.1.4 


so that the action has been an increase in hydrogen at the 
expense of the ethane and other hydrocarbons, and a deposit 
of carbon is found in the tube. This coal under ordinary low 
temperature conditions gave 4500 cubic feet per ton, so that 
the II per cent, increase meant 495 cubic feet. The coke yielded 
on heating to 1000° C. 5000 cubic feet of gas, and the original 
coal carbonised in six-hour charges yielded 11,200 cubic feet. 
The gas, therefore, was made up as follows :— 


Primary gas 
Degradation of gas 
Residue in coke . 
Gasified tar 


4500=40.2 per cent. 

495 = 4-5 .. 

5000=44.7 „ 

1205=17.6 


11,200 

Another example of tlip same kind may be taken, the figures 
being arrived«at in a different way, and with the primary dis¬ 
tillations at a slightly higher temperature. 

With a good Durham coal capable of yielding 11,000 cubic 
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feet of gas and lo gallons of tar per ton when distilled under 
ordinary conditions at a temperature of about looo” C., it is 
found that on carbonising at 600° C. it yields only 5000 cubic 
feet of gas, but 22 gallons of tar per ton, and the residue, on con¬ 
tinuing the distillation at 1000° C. yields a further volume of 4500 
cubic feet of gas, but no tar; so that removing the gas first 
formed and the tar vapour from the secondary reactions induced 
by high temperature has reduced the gas yield by some 1300 
cubic feet per ton, and increased the tar yield by 13 gallons. 
An examination of the tar shows that the 12 gallons gasified by 
direct distillation at high temperature consist of the lighter 
])ortions of the whole of the tar, which at this temperature is 
capable of producing 1200 cubic feet of gas, leaving 300 cubic 
feet to represent the volume gained by degradation of gaseots 
hydrocarbons and deposition of free carbon, of which the high 
temperature tar contains 25 to 35 per cent. 

It may be taken in round numbers, that when 11,000 cubic 
feet of gas are obtained per ton of such a coal, 45 per cent, of 
the volume is from the low temperature distillation ; 42 per 
cent, from the residues left in the low temperature coke distilled 
at a high temperature ; 13 per cent, from the various secondary 
actions and tar. 

This gives us an idea of the amount of destruction of valuable 
material wliich is taking place with the light charges when we 
push temperatures in order to obtain big yields; but the gas 
manager feels he is perfectly justified in doing it, as he gets 
1000 cubic feet per ton more than when he used moderate heats, 
and, thanks to the No. 2 London argand, can fully satisfy his 
parliamentary obligations as to candle-power. 

When tested by the No. 2 argand the lojv temperature gas 
has a candle-power of 22 ; the gas from the pitch in the coke 
is nearly non-luminous, giving not more than 2| to 3 candles, 
but when mixed with the rich gas in the proportions of 45 
of the latter to 41 of the former gives a if) to 17 candle gas; 
whilst the gas from the tar and the secondary action is 10 candle 
gas when tested alone, and when mixed with the others brings 
down the total candle-power to 14 to 15 candles. 

My views are that in pressing temperatures too high with 
light charges we are showing the same criminal waste o,f the 
natural advantages our country possesses that is shown by 
the man who generates power in an old-fashioned beam engine. 

The hydrocarbon gases that we obtain when distilling coal 
in a rational way at rational temperatures are compounds* 
containing volatile carbon, and in consequence an amount of 
energy that cannot be found in any compounds other than 
those obtained by the destructive distillation of coal, oil, shale, 
and natural fuel of this description, all of which is limited in 
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quantity and must, in the ordinary course of events, be worked 
out, or at any rate worked up to an unusable price, within a 
period which is small indeed as compared with the geological 
ages over which its production has spread. The degradation 
of these bodies by excessive temperature during carbonisation 
is therefore an indefensible crime against posterity. When 
we break up these hydrocarbons by heat we obtain gases that 
we could make at a third of their cost by other processes; 
and the importance of conserving the hydrocarbons and sub¬ 
stituting diluents more cheaply made is a fundamental axiom 
which should be kept clearly in view. 

A good example of the economy of not degrading primary 
hydrocarbons is to be found In modern carbonisation, in which 
a* great advance has been unwittingly made in tr5fing to obtain 
economies by the destructive distillation of larger charges of 
coal. In the new methods of carbonisation, where the makes 
a])proximate to 13,000 cubic feet, the; improvement found is due 
entirely to the free escape without overheating of the products 
from the first two-thirds of the coal carbonised, whilst the extra 
volumi; is obtained from the complete degradation of the 
products from the remaining third. That this is so is shown 
by the methane in the gas. In all fair coal gas in which there 
has been no over-degradation, even if you have been getting 
11,500 cubic feet per ton from light charges, the methane will 
lie about 34 to 35 per cent, of the gas ; but notice the products 
of the new carbonisation, and you will find plenty of samples 
with only 28 per cent., and some even lower. 

For instance, in a paper read by Mr J. G. Newbigging in 
'1911, he gives a table of hourly tests, which show the beautiful 
uniformity of the»gas as it leaves the Glover-West continuous 
retorts, but which also illustrates the point to which T want to 
draw altentn.il; 


U'inu' 

a.ni. 

a.m, 

p m. 

p.m. 

p m. 

j).m. ' 


10 ^0 

11 ,^o 

12.30 

1.30 

2.30 

3..30 , 

Illuminating power . 

1 






candles : No. 2 

f 15.2 

15-35 

15 3 

15.18 

15-52 

is-Fs 

“ Metropolitan ” . 

) 






Caforific value gross 

548,6 

540.6 

540-7 

554-2 

550.2 

5.32.2 

Carbonic acid . 

0.8 

0.9 

0.8 

0.8 

0.8 

0.8 

Oxygen . 

0..t 

0 ^ 

0 3 

0 2 

0-3 

0-3 

Unsat. hydrocarbons 

2.8 

2.8 

2.8 

2.74 

3-1 

3-1 

Carbon monoxide 

6.3 

b.5 


O.io 

0-5 

0-5 

Methane 

29.3.3 

28.83 

28.67 

29-37 

29.17 

29.17 

Hydrogen 

.3&.ti3 

5O.82 

50-51 

57-13 

55-00 

56.79 

Nitrogen •. 

3.84 

3.85 

4.42 

3-05 

4-53 

3-34 

Grains HnS at outlet 

1 






from rotary washer 

f Ooo 

Gio 

Ooo 

Ooo 

590 

590 

per moo cu. ft. 

) 

• — » 
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In some other analyses of high yields with Lancasliire and 
Derbyshire coal, the methane is 26.94 per cent, and 27.54 
per cent, respectively. 

Again, in a paper at the same meeting, Mr C. Drury gives the 
composition of the gas from his installation of Dessau verticals. 


using Durham coal, as :— 

Carbon dioxide 


Witlirml 

Sluaiu. 

2.4 

With 

Steani. 

2.2 

llluminants 


3-9 

3-4 

Oxygen 


0.3 

0.4 

Carbon monoxide 


8.0 

7.8 

Methane 


• 31-2 

29.8 

Hydrogen . 


49-3 

51.6 

Nitrogen 


4.9 

4.8 


In considering the ultimate effect of pusliing tcjnperatures 
to the highest possible extent, it is well to consider the amount 
and value of the gas and coke that could possibly be obtained 
from an ordinary coal. If we took a coal of Ihe composition— 

Carbon ..... 80 

Hydrogen.5 

Oxygen ..... 10 

Nitrogen and ash ... 5 

and were to carbonise it in an invc'rtcd vertical retort with the 
coal fed in by a ram at the bottom, so that the gas and vapours 
had to traverse a column of ten feet of coke at 1000° C., con¬ 
tact would decompose all the gaseous and volatile compounds 
to hydrogen and carbon monoxide, and we should obtain 
approximately:— 

Coke, 15.27 cwt. 

Hydrogen . . . 21,000 cubic feet per ton 

Carbon monoxide . 5,300 


26,300 

That is, you would double the volume of gas; but it is a non- 
luminous gas of the same thermal value (gross) as water gas, 
and not worth more than the 3jd. to 4d. a thousand that 
you could make water gas at by one of the newer processes, 
Certainly you get an increase in the quantity of coke, and it 
would be an excellent metallurgical colce. 

This is exactly what is done in all the new prdfces.ses directly 
the cool passage for the escape of the primary gases gets tar- 
logged, and the gas from the remaining coal is drivep through 
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the red-hot coke and along the sides of the retort. Under these 
conditions some 3500 cubic feet of 23 candle gas are obtained, 
whilst there is a free cool passage for its escape, and after that 
is closed the remaining coal yields by complete degradation of 
the tar and hydrocarbons, hydrogen, and carbon monoxide to 
make up the total volume. 

Of course tlierc is the saving factor that between the good 
primary gas and the relics of ruined hydrocarbons there, is a 
good deal of only partly destroyed gas from the coal and tar 
near to the mouthpiece, so that -the make averages out at 15 
candles, and the cool distillation of the tar from the first two- 
thirds of the coal yields two-thirds of the 20 gallons that would 
have been obtained had it all been distilled in the same way. 
'iTiis is the secret of the “ new proce.ss tar ” being 13 to 14 
gallons per ton, more liquid, and more paraffinoid in its nature. 

In continuous carbonisation it is claimed that degradation 
docs not take place ; but the make and the methane in the gas 
tell their own tale, and the f.act that the charge is always fairly 
cool in the toj) three, feet of the retort, and is of nearly the full 
breadth of the retort, is made up for by the rapid tailing of the 
uncarbonised portion, which soon makes the cool inner core an 
impossibility, whilst it must be tar-logged for a considerable 
distance. 

.In all probability, as soon as the carbonisation has spread 
<-f couple of inches into the charge, the gas that is being evolved 
from the residues on the hot side of the tar wall will j)ass up 
through the hot zone and undergo complete decomposition, 
so that the signs of degradation in the gas are not to be wondered 
at; but there is no doubt that the new processes have done 
what has never be^n done before, that is, they save a large pro¬ 
portion of till- primary products. 

I have emphasised several times the fact that it is contact 
with highly heated surfaces and not radiant heat that is most 
active in destroying hydrocarbons. A proof of this to my mind 
is to be found in the composition of the gases evolved during 
successive stages in a light charge. The coal is charged into 
the red-hot retort and the crown is but. little cooled, and soon 
recovers its temperature from the hot upper flue, so that radiation 
is acting from the first. We have, seen, however, that the top 
of the charge heats up only slowly and docs not become red- 
hot for some time, as it has only radiant heat acting tlirough 
eight or nine inches of gas to raise its temperature until the 
heat reaches it from below. Tliis means that for the first hour 
of the carbonisation the glis is exposed to as much radiant heat 
as at any period of the distillation, but it is only well on into the 
period of carbonisation that contact with red-hot coke begins 
to act, S4 that in the earlier periods it is only the layer passing 
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along in contact with the red-hot crown tliat suffers from its 
action. 

No matter what temperature is used—the heats may be 
pressed as high as the material ot the retorts and flues will 
stand -the temperature of the distillation of the coal will be 
the lowest temperature, at which it evolves gas; and if one 
looks back to Lewis Thompson Wright’s classical work on the 
influence of temperature on carbonisation, it will be found that 
the coal fed into a retort at the liighest temperature attainable 
gives for the first ten minutes a rush of gas having much the 
same com])osition as low temperature gas— 

Time fter aumiionccmfnt of t arlioiusalioii— 



JO mm. 

I iir. V' mm. 

3 hrs. 2 'i mm. 

5 lirs. 35 mins. 

Hydrogen 

20.10 

.58.08 

.50.68 

67.12’ 

Methane . 


44 - 0 ,i 

i‘i .,54 

22.58 

Hydrocarbons . 

10.()2 

5-9^ 

.L ‘>4 

7.79 

Carbon monoxide 

b.ip 


6.21 

6.12 

Carbon dioxide 

2.21 

2.09 

1.49 

I.,50 

Sulphuretted hydrogen 

I ..50 

1.42 

0.49 

O.ll 

Nitrogen . 

2,20 

2.47 

2-55 

• 0.78 


100.00 

100.00 

100.00 

100.00 

Carbon density of 





hydrocarbons 

2.86 

3-IT 

3.3« 

2.29 


It will be seen that not only is the gas driven off in the first 
ten minutes of the charge nearly identical in composition with 
low temperature gas, but also that the gas yielded in the last 
period of carbonisation is nearly the same as the gas obtained 
by the further distillation of the low temi)erature coke, whilst 
during the intermediate five hours of the charge the gases evolved 
have been mixtures of the primary gas in various conditions 
of secondary change diluted with the residual gas from the 
partially coked coal on the exterior of the charge, the secondary 
changes being brought about by contact between the primary 
gas, the tar vapours, and the wall surface, passage through the 
skin of red-hot coke, and radiant heat. 

We have seen that the whole history of gas manufacture 
has been a record of the endeavours made to obtain an ever- 
increasing volume of gas from a unit of coal, and that the only 
limiting factors to the gas manager’s ardour have been the 
nature of the refractory material he has used in making the 
retorts and settings, and the standards of illuminating power' 
which Parliament has from time to time imposed in the interests 
of the consumers. *■ 

During the first half century of the use of coal gas it was 
the life of the iron retort that held temperatures jn check, 
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and when at last, after twenty years’ rebellion against the idea 
of using fireclay in place of iron, the gas manager took the plunge 
and adopted it, and had the means of pushing temperatures 
to a far liigher degree than before, a standard of candle-power 
was imposed, wliich, when, as in the south of England, sea-borne 
coals had to be used, not only prevented liim from pressing 
temperatures to their utmost, but necessitated the use of cannel 
to ensure the gas fulfilling the parliamentary obhgations after 
distribution over a large area. 

Then came the shortening of the cannel supply and conse¬ 
quent rise in price, which led to oil being adopted in the form 
of carburette’d water gas for enrichment purjx)ses. This 
bridged over the ten years from 1889 to the end of the century, 
by which time the incandescent mantle, born in 1885 and 
struggling for existence until 1894, had obtained such a universal 
hold that every one had learnt the lesson that heat in the flame 
and not artificial enrichment in the gas was tlie real object at 
which to aim. 

This induced Sir George T.ivesey to approach Parliament 
in I900,*and by paying heavily for it he got a reduction in candle- 
power. Other companies then a})plied for the same boon—■ 
at first singly, and latterly in batches. The result is that a 
unjafersal lowering of candle-power has taken place. 

As soon as the candle-power was lowered below 16 candles, 
if became evident that the London argand specially designed 
to burn a 16 candle gas made from coal and cannel only, was 
absolutely unfitted for the consumption of the leaner gas at 
the rate of 5 cubic feet per hour. A new standard burner was 
introduced in preference to tampering with the sacred 5 cubic 
feet per hour consthnption, and this burner, known as the No. 2 
argand, develops so much more perfectly the candle-power of 
the gas that toe gas companies have had some trouble in getting 
down to the new standard. 

The idea of a candle-power standard was introduced as a 
protection for the flat-flame user, and having fulfilled its 
functions it should be buried with the flat-flame ; and as at 
the present time the calorific value of the gas is the important 
factor in generating light, heat, and power by its use, surely 
the time has arrived when a calorific standard should take the 
place altogether of an illuminating one. 

It has been noticed frequently that the gas from Continental 
gas ovens and chamber processes is in heating value quite up 
*to English requirements, although the illuminating value has 
been only 10 to 12 candid^. This is in many cases due to the 
fact that in such gas the benzene is low, and that the greater 
portion of the illuminating power is due to saturated hydro¬ 
carbons. •The illuminating value of benzene vapour is so high 
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that although its heating value is double that of ethane, the 
percentage which will yield one candle to the lighting power of 
the gas will represent only 23 B.Th.U., whilst one candle-power 
derived from ethane will bring uj) the heating value of the gas 
bv 2f)7 B.Th.U., or more than ten times as much. 


Mydrogen . 

UTli.U fir OSS 
per cub. ft. 

(diulU'-powcr 
per 5 cnb. ft. 

nil. 

n.'rij.u. Kioss 

per cdndlc. 

nil. 

Methane 

1024 

. 5-2 

985 

Ethane 

1870 

35-0 

267 

Propane 

. 2682 

33-3 

253 

Ethylene . 


70.0 

113 

Benzene 

• . 171 ^^ 

820.0 

23 

Carbon monoxide 

d4-2 

ml. 

ml. 


In ordinary high temperature gas made in horizontals the 
chief illuminating value is due to (-thylcne and benzene, whilst 
ethane is low in volume or absent, whereas in the first half of 
the period of distilling gas from a modern vertical retort, chamber 
or oven, the comparatively low temperature at which,the gas 
escape's causes it to be rich in paraffin hydrocarbons, which add 
to the calorific value to a greater extent than to the illuminating 
value. 

All the time that the exigencies of the iliummating power 
tests call for the produetion of benzene and ethylene, small 
charges, high temperatures, and cutting down the period of 
carbonisation to the point at which all volatile matter is expelled, 
will give the best results in volume and candle-power, but directly 
the gas manager lias to work to a calorific instead of an illuminat¬ 
ing standard, the importance of getting thei/gas away without 
overheating will be recognised, and with the ])roblem of how to 
gasify the largest proportion of the carbon in the coal before him, 
the paraffin hydrocarbons will take their proper position as 
the most important constituents of coal gas. 

The ideals to be attempted in a perfect carbonising process 
are a uniform treatment of every particle, of coal distilled, a 
uniform treatment of the whole of the gas evolved, and, what 
is perhaps as important as anything, preventing the degradation 
of valuable hydrocarbons by contact with hot coke or I'rther 
surfaces. 

1 have shown the limitations of the various processes, and 
there can be no doubt in the minds of those who have studied 
the question, that the continuous vertical retort, when properly 
proportioned and worked, gives the only solution of the problem 
of uniformity in treatment of coal and products? alike ; and if 
scientific teaching is of any value, it must be the type of gas¬ 
making retort in the future. 
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The modern forerunner of the vertical continuous process 
was, as I have already pointed out, the Settle-Padfield retort, 
wliich 1 tested at Exeter seven or eight years ago, and with the 
principle of which 1 was immensely taken, and which gave 
splendid results. Its passage, however, from the experimental 
to the practical scale, as in so many cases, proved its undoing. 
On looking up a notebook of that date, 1 find that I obtained 
the following results - 


Coal used—poor slack, No. 4 Cammerton. 


l^akes per ton 


(las 

Illuminating jwwer 

Heating value 
Tar 


Same coal in f(las 

horizontal retort i Illuminating j)ower 


13,250 cubic feet. 
14.75 candles (Lon¬ 
don argand). 

533-7 B.Th.U. 
none. 

()802 cubic feet. 

15 candles. 


The Settle-Padfield process consisted of a semi-vertical 
or, if 1 may call it so, boot-shaped retort, much of the same 
design as now used in shale distillation (Fig. 26, p. 216). The 
vertical portion was about six feet in length, and the inclined 
part at the bottom threi; feet. The junction of the two portions 
gvas the weakest part of the apparatus, as it was liable to crack, 
thus leading to infiltration of furnace gases; which was dis¬ 
covered when the gas given in the above test was analysed. 
The leak was then made good, and further tests gave 13,000 to 
13,200 cubic feet per t(m of 15 candle gas. 

The outstandjjig feature of the process was that the upper 
three or four feet of the vertical portion of the retort were left 
empty, and that Oie coal was fed in at the top by a plunger 
in charges ol 2 to 7 lbs. per stroke as desired (Fig. 27), and fell 
through the empty heated zone on to the red-hot coke, where 
it was carbonised on the heated surface, the first run of rich 
gas rising straight up through a zone of radiant heat to the 
mouthpiece at the top of the retort. 

The weakness in this process was that the coke was allowed 
to ^iccumulate, and was then at intervals removed through 
an ordinary oven door at the bottom of the incline, so that 
the “ baking area ” varied according to the amount of coke at 
the bottom of the retort. Had the retort been a plain vertical 
one, with an automatic coke remover working pro rata with 
the coal feed, it would Jiave been the perfect embodiment of 
the true conditions for carbonisation, as the temperature needed 
only a little lowering in the superheating portion of the retort. 
The idea was to carbonise all the tar formed. If any condensed, 
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In the first place, we all know the importance of a large 
ratio of heating surface to the mass of coal, and if you consider 
how the ground-up slack must have piled itself up on the top 
of the mass of red-hot material heated from below, washed by 
the ascending liot gases from the last charge, and radiated upon 
by the sides of the red-hot retort above, it is clear that the 
heating surface was far greater than in any other system, and 
instead of the heat penetrating slowly to the coal, the coal was 
plunged, the moment it left the feed, into a red-hot area, which 
drove off a good deal of the gas before even it reached the 
carbonising mass below, and deposited it, sweating tar, on the 
hot surface. The gases as they were disengaged rushed straight 
upwards to the exit without comifig in contact with any surface 
to decompose them, the radiant heat being just sufficient to fitc 
and get the best out of the tar vapour. 

To many the idea ol a heated space above the carbonising 
coal seems like going back to the lightly charged horizontal 
with the s])ace that led to disastei'; but they do not realise that 
radiant heat does little harm and much good if there is not too 
much of it, and that it is contact with hot surfaces that js fatal. 
In tlu' horizontal, the gases rushed up to the top of the arch and 
were decomiiosed t>y contact with it, depositing their carbon as 
scurf on its surface, whilst in a vertical space they rush to the 
cool to]> and exit pipe, hardly touching the sides, whilst the 
radiant heat i)erforms such beneficent functions as breaking 
up the hexaliydrides in the tar vapour into aromatic hydro¬ 
carbons and free hydrogen. 

Mr W. G. Africa, in a ])aper read in October i()ii at St. 
Louis, in relating his e.xperience with vertical retorts, says 
that they got unusually high results as ta candle-power by 
leaving a space of four feet of heated retort above the coal, 
thus fixing the vapours, which in lull retorts do not reach the 
proper temperatun; for gasification. 

My idea of a perfect continuous system would be a vertical 
retort, like the one that Glover first made, which had the space 
at the top, and to have it fitted with a semi-intermittent feed 
and coke remover device, with the addition of the cooling 
chamber, with secondary air regeneration, the heat in the flues 
being concentrated on the outside of the retort at the spot where 
the coal falls on to the surface of the coke, as it is here that 
heat is withdrawn most rapidly. The temperature might then 
fade away above and below this area to, say, 800° C. (1472° F.). 
If properly regulated, 6 to 8 per cent, of the volatile matter of« 
the poor gas-forming residues would be left in the coke to make 
a perfect domestic fuel, any shortage of gas being* made up with 
blue water gas. 

The volume of gas actually made from the coal^might be 
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only 9500 to 10,000 cubic feet, but it would be rich in saturated 
hydrocarbons, and would stand dilution with probably 5000 
cubic feet of water gas used, as 1 shall suggest, to bring it down 
to statutory requirements. In this way it sliould be possible 
to make more gas than at present and a valuable fuel, whilst 
we should have attained practically the ideal of carbonisation— 
uniformity. 

It will be remembered that I have already pointed out the 
importance of the coal undergoing carbonisation being reduced 
to a uniform size, and lhat the size should be the smallest 
practicable to use. There is no need for a powder so fine that 
the uprush of gas would cause loss, but pieces so large that the 
outside has a chance of becAning red hot before all the gas has 
Escaped from the interior should be avoided. Moreover, the 
coke is to be a domestic fuel, and the use of small coal for its 
production will, in the case of coals that need it, allow of washing. 
At qd. to bd. a ton this is well worth doing, as the sulphurous 
fumes from ordinary gas coke is one of the features to which 
the public takes strongest e.xception. 

Tllp basis of the method of carbonising coal which 1 propose, 
and w'hich will give the nearest approach to ideal conditions 
that it is possible to attain, is to plunge fine coal into an atmos¬ 
phere of gas at such a tcm])erature as to drive out most of its 
gas before it reaches the state of rest, and to complete the 
•elimination of the rich gas in a current of red-hot poor gas passing 
up from the coke resiclucs in the mass below. This is to take 
place under the influence of radiant heat; and to ensure the 
minimum of decomposition I should propose to use water 
gas, which would have to be employed in any case to bring the 
gas down to the ftquircd standard of light and heat, to increase 
dilution iti the superheating zone. 

I venture to tliink that water gas has never been used by 
the gas manager under proper conditions, save in making 
carburetted water gas, where it goes red hot from the generator 
into the cracking chamber, where the hot brickwork is decom¬ 
posing the oil. When blue water gas has been employed -per se 
as a Aluent it has been used either cold or so little heated as to 
be far below the temperature of the gas which was to carburet it. 

Under these conditions it is not easy to get a perfect mixture 
in large volumes of flowing gases, as in spite of the laws of 
diffusion, layering is very apt to take place. On the Continent, 
where the price of oil is a set-back to carburetted water gas, 
blue gas is often used, and to ensure proper mixing it is passed 
into the foul main or, iit some cases, through the retorts them¬ 
selves, as pfoposed by me; but in no case is the water gas 
properly heated, and a chill of only a few degrees to carbonising 
coal is fg.tal to good results. 
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The old “ auto-carburctting ” process, wliich 1 suggested 
in 1900, is well worthy of consideration at this juncture. In 
laboratory experiments, using superheated water gas, magnifi¬ 
cent results were obtained, but in the experiments made on a 
large scale at the Crystal Palace gasworks it was not possible 
to properly heat it. In these experiments a Derbyshire coal 
was employed, and the yield of gas and candle-power given by 
the gas were tested on a large scale before, during, and after the 
water gas experiments. It was found that under ordinary 
conditions of carbonisation the coal yielded 10,468 cubic feet 
per ton, of 15.88 candle-power gas. 

The plant used in the earlier experiment consisted of six 
beds of seven retorts each, and Idler of twelve beds of seven 
retorts. The section of all retorts was 22 inches by 16 inches 
and 20 feet long. They were heated by regenerative furnaces 
and charged by power-stoking machinery. The gas from them 
was passed through one complete section of the works separately, 
and was therefore condensed, scrubbed, purified, and measured 
in the usual way—the ordinary gas manufacture being carried 
on at the time in other sections of the works. 

The water gas was made in the ordinary “ Economical ” 
water gas plant, and conveyed from the relief holder to the 
retort house by a special pipe. This pipe was continued over 
the retort bench, just above the arch pipes on one side, and a 
connection was made from it to the top of each ascension pipe 
on that side of the bench. Each connection was fitted with a 
cock having a lever liandle with rod attached to it, so that the 
cock could be regulated from the charging floor. The dip pipes 
on this side were blocked, and the hydraulic main valves closed. 
The water gas therefore descended the ascension pipes on this 
side, passed through the retort, and up the ascension pipes on 
the other side along with the coal gas. 

The quantity of water gas which could be passed through 
each cock, when partly and when fully open, was ascertained 
before the test by measurement through a meter. This enabled 
an approximate measurement of the quantity of water gas 
put into each retort to be made ; but the actual quantity used 
in each experiment was checked by noting the quantity taken 
out of the holder. The heat of the retort was maintained as 
nearly uniform as possible throughout the tests, and at as high 
a temperature as is used in ordinary working. 

Many experiments were made in this way, all of which 
showed that important economies could be attained by the 
process. The following experiment Will give an idea of the 
result obtained by using 40 per cent, of blue watfir gas in this 
way as compared with 40 per cent, simply mixed with the coal 
gas 
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('oal carbonised 
Make of mixed gas per ton 
Water gas added per ton . 
Proportion water gas added 
Proportion water gas in mixture 
t'andle-power . . . . 

Candle feet— 


13,730 + 14.87 
.5 


=40,83,3 candles. 


82 tons. 

13,730 cubic feet. 

4oo.‘) .. 

41 per cent. 

29.1 

14.87 candles. 


Standard— 


10,468+15,88 , 

- ^ - - — =33,24(1 candles. 


ain in candle feet on standard 

25 per cent. 

Analysis of f^as 

I 

11 

Hydrogen 

. 60-.17 

50.62 

Saturated hydrocarbons . 

29.24 

29.49 

Unsaturated hydrocarbons 

2.98 

2.48 

<.arbon dioxide 

0.49 

0.49 

Carbon monoxide 

14.92 

14.92 

Oxygen 

ml. 

ml. 

Nitrogen 

2.00 

2.00 


100.00 

100.00 

Calorific Value — 



Calories gro.ss 

149.8 

net 132.9 

B.Th.U. 

599-2 

.. 531-6 


These experirrfcnts were renewed in 1901 with inclined retorts 
instead of horizontal, and a bench of seventy inclined retorts, 
which had oeen newly erected, was utilised for the purpose. 
The water gas was made, as in the previous experiments, in the 
generator of the “ Economical ” plant usually employed for 
the manufacture of carburetted water gas. The gas was passed 
into a holder of 469,800 cubic feet capacity and thence was 
carried to the inclined retorts, into which it entered at atmos¬ 
pheric temperature. The gas was not purified before being 
admitted to the retorts, but was tested for carbon dioxide, of 
which it contained from 5 to 6 per cent. The carbon dioxide, 
after estimation, was deducted by calculation from the volume 
of water gas used, because the volume of mixed gas produced 
was measured in station meters after the whole of the carbon 
dioxide had been removed by purification in the usual manner. 

To ascertSin whether the carbon dioxide in the water gas 
was converted into carbon monoxide by passing through the 
retorts, ^e mixed gas was examined at the inlet to the washers, 
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and found to contain 3 per cent, of carbon dioxide. It may 
bo assumed, therefore, that the carbon dioxide as it passed 
through the retorts was not converted to any appreciable e.xtent 
into carbon monoxide. 

No station met(T could be placed at niy disposal for the 
measurement of the water gas. The holder of known capacity 
(469,800 cubic feet) was therefore filled before the commence¬ 
ment of each experiment, no gas being admitted to the holder 
during any trial. The volume of the gas was obtained by 
recorcling the height of the holder at the commencement and 
completion of the experiment, and making all the necessary 
corrections for temperature and ..pressure. The quantity of 
water gas used during 24 hours varied in the. different experi¬ 
ments from 200,000 to 370,000 cubic feet. The gas leaving the 
retorts was purified in the usmd manner, and then passed through 
station meters, from wliich niadings were made every hour. 

During every hour the gas was slowly by-passed into a 
small holder, from which gas was drawn at the completion of 
each hour for the determination of (he illuminating power 
by means of the Referees’ table photometer, and from this once 
every day gas was drawn for analysis and for the determination 
of its calorific value by means of a Junkers’ calorimeter. 

The coiil used in the experiments was the same kind of 
Derbyshire coal as had been used in the previous tests, but of 
slightly inferior quality. Before commencing the experiments 
with water gas, a trial run was made for seven days with the 
coal alone, tests being made every hour, day and night, so 
as to obtain a standard for comparison. The principal results 
obtained were 


Total coal carbonised . 
Total gas made (corrected) 
Make per ton 

Average illuminating power 
(table photometer) 
Total tar (hydraulic) . 

Tar per ton 

Calorific power, gross . 

,, net 


(103 tons. 

5,973,682 cub. ft. 

9,907 cub. ft. 

16.55 candles. 

5060 gallons. 

8.3 gallons. 

152.6 calories per cu. ft. 
138.8 „ 


These figures give the value of 32,792 candle feet per ton for 
the coal. This figure is taken as the standard in the following 
experiments:— ^ 

In arranging tfie apparatus for the experiments, the upper 
mouthpiece of each retort was fitted with a pipe and stop-cock 
for the admission of the water gas. 

These experiments were continued from June 19th to August 
23rd, 1901. Passage of water gas in varying proportionc through 
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the retorts was tried, and also the influence of the period of 
carbonisation at which the flow of diluting gas was started. 

It was found that although the results obtained were far 
better than in the experiments made with the horizontal retorts, 
they were of the same kind, and that the gain in candle feet per 
ton rose gradually with increase in the volume of water gas used, 
reaching a maximum with about 40 volumes of water gas per 
100 of coal gas, and decreasing when this point was passed. 


W’dter G<i'5 added 

C.indle feet 

I’crcciitagc gam iht 

per edit. 

j«‘r toil o{ 

ton of coal 

oi coni gav. 


in caudli; feet. 

2T.0 

17 . 5«2 

14.6 

2.>.5 

nS.23.5 

16.6 

27.8 

41.34.1 

26.0 

37 -^ 

40, 93 ^ 

24.8 

40.1 

43 . 7‘>.-5 

33-2 

42.0 

42,984 

31.0 

45 <> 

40,467 

23-4 


Th(' most important data with regard to these c.xperi- 
ments *veic given in a table at the end of a paper read before 
the International Engineering Congress at Cdasgow, igoi, 
but the results are so lull of interest that it is as well to give 
the full data for two experiments, in wiiich 40 and 42 per cent, 
of-water gas respectively were added, as it gives a better idea 
«f the, scale of the experiment:— 


Coal used 

85.4 tons. 

88 tons 

Total make (corrected) 

1,274,636 cub, ft. 

1,294,946 

Make per ton . 

14,925 cub. ft. 

14.715 

Illuminating poyer - 



(table, photometer) 

14.4 candles 

14.85 

Total tar (hydraidic) . 

(190 gallons 

851 

Tar per ton 

8.07 „ 

7-4 

Water gas added 

42.0 per cent. 

40.1 

Water gas in mixture 

29-.5 

28.6 

Water gas per ton of coal 


carbonised 

4,415 cub. ft. 

4.215 

Candle feet per ton . 

42,984 

43 . 7«3 

Standard for coal carbonised 


alone. . . . . 

32,792 

32,792 

Increase in candle feet 

31.07 per cent. 

33-2 

Calorific Value — 

Gross. Net. Gross. 

Net. 

Calories . 

127.2 116.8 125.8 

118.7 

B.Th.U. .^ . 

508.8 467.2 503.2 

474.6 

Carbon monoxide present 



in purified gas 

14.0 per cent. 15.2 per cent. 

Gain i» calorific value 

. 25.5 „ 22.4 
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So that a gain of 31 to 33 per cent, in candle feet and 22 to 25 
per cent, in total calorific value is attained. 

This process was tried afterwards by Mr S. 0 . Stephenson 
at Tipton, who obtained very satisfactory results, whilst in 
1905 Mr Brown, then of Nottingham, made an exhaustive 
series of tests with various classes of coals. Although he proved 
many advantages, the results were so erratic that the com¬ 
mercial value of the method was far from demonstrated, and as 
far as I know nothing more has been done with it in this country. 

One point, however, that shows the power of dilution by 
water gas in preventing degradation was that in the set used 
with water gas the scurf, i.c. deposited carbon, amountedonly 
to 38.1 lbs, per mouthpiece per month, whilst with the set along¬ 
side using no water gas, but the same coal and temperature, 
the scurf amounted to 149.5 lbs. per mouthpiece per month. 

With horizontal or inclined retorts the having to heat the 
water gas in an outside superheater is an insuperable objection, 
but the process I am now suggesting lends itself admirably 
to this purpose, as water gas blown into the coke just above 
the coke cooling and regenerator chamber would help 'to cool 
the lower part of the coke column, and by the time if reached 
the carbonising coal would be at the same temperature or even 
hotter than the tar vapour and gases leaving it, and would help 
in the fixation of the tar vapour, and also by dilution prevent 
degradation of hydrocarbons. There is very little doubt tha^, 
used in this way, 40 per cent, could be added without reducing 
the mixed gas below standard requirements, bringing tin; volume 
of mixed gases up to something approaching 17,000 cubic feet 
per ton of coal. 

When speaking of ammonia, 1 reviewed Tervet’s ex])eriments, 
in which, by passing hydrogen over red-hot coke at the end of 
the carbonising period, he was able to double and sometimes 
treble the yield of ammonium sulphate. In experiments he. 
made with water gas he found this to act equally well; but the 
process was never adopted, as to obtain these results the coke 
heated in the retort had to be subjected to the gas for about 
three hours, wliich, of course, made it an impossibility, as the 
cost of fuel and water gas and the loss of the working capacity 
of the retorts far outweighed the advantages. 

In the method I propose, however, three hours will about 
represent the time the coke would be subjected to the water 
gas in its passage from the carbonising top layers to the cooling, 
chamber, and a large increase in the yield of ammonium sulphate 
should take place. The coke being exposed to the ipaximum tem¬ 
perature for only a very short time, and then being cooled slowly, 
should retain enough volatile matter to make a good domestic fuel, 
and diminution or absence of tar should raise its market price. 
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THE CARBONISATION /OF COAL 



Measure 

OF Capacity 


Plllth. 

Calls. 

('iibic ft. 


Litres. 

I = 

.125 = 

.02 


..5676 

8 = 

I = 

.1604 


4-541 

16 = 

2 = 

.3208 

= 

9.082 

64 = 

8-= 

1.283 

= 

36.32816 

512 = 

64 = 

10.264 

= 

290.625 

2560 = 

320 = 

51-319 


14,53.126 

5120 = 

640 = 

102.64 


2906.25 


I gallon 


I cubic ft, =- 

1 grain = 

1II). avoir == 

I cubic metre = 


277} cub. in. 

. 16 cub. ft. 

10 lbs. clist. water. 
4.5434,58 litres. 
6.234 gallons. 
.0C4799 gram. 
■ 453.‘593 kilogram. 
35-317 cu. ft. 


Useful Data 

I lb. avoir. =i 6 oz.= 7 .ooograins= 453 . 59 grammes=i. 2 i 527 
lb. troy. 

I lb. troy =12 oz.=576o grains =373.242 grammes= 

0.82285704 lb. avoir. 

I oz. avoir. =437.5 grains=28.35 grammcs=o. 9 ii 4583 oz. 
troy. 

I cubic rent. =.06113 cub. in.=.282 fl. drms.=.ooi76 pint= 
.0352 fl. oz. 

I cubic foot =28315.3 cc.=6.232i gallons=28.3i53 litres= 
997.1364 fl. oz. =49.8568 pints. 

I gallon =.16046 cub. ft. = 277.274 cub. in. = 4.54356 
litres. 

I cubic inch =16.386 cc.=o.577 fl. oz.=.oi64 litre=.02885 
pint. 

1 litre = 035316 cub. ft. = .220096 " gallon = 61.0270 
cub. in.=i.i76i pint. 

I fl. oz. =28.396 cc.=i.7329 cub. in. 

I pint =567.919 cc.=.020057 cub. ft.=34.659 cub. in. 
=.567920 litre. 

I gramme =.002204 lb.=,03527102.=15.432348 grains. 

Per cent, of tar x 2=gallons per ton (approximately). 

I per cent, nitrogen in fuel=io5 lbs. ammonium sulphate per 

ton (theoretical). 
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Conversion Factoks 

Multiply by 

To convert grams into pounds avoirdupois . 0.002205 

,, kilograms into pounds avoirdupois 2.205 

„ pounds into grams . . . 453-6 

„ pounds into falograms . . . 0.4556 

„ litres into cubic metres. . . 0.001 

„ litres into cubic feet . . . 0.0553 

,, cubic metres into cubic feet . . 35-.3i.‘i 

,, cubic feet into cubic metres . . 0.0283 

„ cubic feet into litres . . . 28.317 

„ cubic feet into gallons . . . 6.228 


Table for Convertinc; Degrefs of the Centigrade Ther¬ 
mometer INTO Dec;rees of Fahrenheit’s Scale 


Centigrade 

Fahrenheit 

j! tentlgrade | 

'i - i 

iMlueiilieit 1 

C entigj ade 

I'cilirenlieit 

-90° 

130° 

i 40“ 

104° 1 

170* ! 

338° 

85 

I 2 I 

45 

113 il 

175 

347 

80 

112 

; 50 

122 i; 

180 

356 

75 

103 

55 

131 i 

185 

.165 

70 

94 

60 

140 ! 

190 

374 

65 

«5 

65 

149 : 

.195 

383 

60 

76 

70 

158 , 

200 

392 

55 

67 

75 

167 

205 

401 

50 

58 » 

80 

176 i 

210 

I 410 

45 

49 

85 

185 1 

: 215 . 

419 

4 P 

40 

90 

194 ; 

i 220 

' 428 

35 

31 

95 

203 ! 

225 

1 437 

30 

22 

; 100 

212 

! 230 

1 446 

25 

13 

105 

221 

235 

; 455 

20 

-4 

110 

230 i 

1 240 

1 464 

15 

+ 5 

115 

239 

245 

: 473 

10 

14 

- 120 

248 i 

250 

i 482 

-5 

23 * 

125 

257 i 

255 

491 

0 

32 

130 

266 1 

260 

500 

+5 

41 

135 

275 i 

265 

509 

10 

50 

140 

284 1 

270 

518 

15 

59 

■ 145 

293 

275' 

- 527 

20 

68 

150 

302 

280 

536 

25 

,77 

155 

311 

285 

, 545 

■ 30 

*86 

■ 160 

320 

290 

; 554 

35 

95 

il 165 

329 

295 

i 563 
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THE CARBONISATION /)F COAL 


To convert °F to °C ^ ^ 

9 

To convert °C to °F ——+3,2'’-:'’]'' 

5 


Tahli; of the Coruesponwng Heights of the 
Barometer in Mii.limetkes and F:ngush Inches 


Milli- 


ImikIisIi 

Milli- 


Eii|:;lisli 


Milli- 


iiiiKitt.il 

luclrcs. 


JlltlK’N. 

1 iuotrt>s. 


liiclic^. 


iiiclrus. 


ImJifSi. 

720 


28.347 

: 7.19 


29.095 


758 


29.843 

721 

= 

28.386 

74 " 


29-134 


759 

= 

29.882^ 

722 


28.425 

741 

= 

29.174 


7(10 


29.922 

723 


28.465 

742 

-- 

29.213 


761 

= 

2<),9()1 

724 


28.504 

743 

= 

29.252 


7(12 

— 

JO.OOO 

725 


28.543 

744 

r- 

2().292 


763 

= 

30.039 

726 

= 

28.583 

1 745 

=-r 

29-331 


764 

= 

30.079 

727 

r-r 

28.622 

746 


29-370 


765 

^ ' 

30.118 

728 

= 

28.662 

747 


29.410 


7()6 

= 

.30.1.58 

729 

— 

28.701 

748 


29-449 


767 

= 

30.197 

730 

= 

28.740 

749 

= 

29.488 


768 

= 

.50.236 

731 

— 

28.780 

7.50 


29.528 


769 


30.276 

732 

= 

28.819 

751 

= 

29.567 


770 


30-315 

733 


28.858 

752 

= 

29.606 


771 


30.355 

734 


28.898 

753 


29.645 


772 


30-394 

735 


28.937 

754 

z=: 

29.685 


773 


30.4.1.3 

736 

1 - 

28.976 

755 

= 

29.724 


774 

— 

30.473 

737 


29.016 

756 


29.764 


775 

— 

30.512 

738 


29-053 

757 

= 

29.803 

1 





Thermal Data 

The British Thermal Unit is the amount of heat required 
to raise i lb. of pure water 1° F'., or from 39,1° F. to 40.1° F. 

The Large Calorie (h'rench Unit) is the amount required 
to raise one kilogram of water through 1° C. , 

The Small Calorie (Scientific Unit) is the amount of heat 
‘ required to raise l gramme of water from 0° C. to 1° C. 

The Pound Centigrade Unit is the amount of heat required 
to raise i lb. of water from 0° C. to 1° C. 

B.T.U Ca. ( a. ,I,b. C.U. Foot-lbs. 

1 =0.252 = 252 =0.555 = .776 

3.9682 =I --=1.000 =2.2046 =3080 
0.003968=0.001 = I =0.002046=3.08 
1.8 =0.4536= 453.6 =i =I 397 « 
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Weight and Volume of GaseS 


- V - 

Weight. 

Volume. ^ 


Per Cubic 

Per Cubic 

Per Kilo. 

Per Pound 


Metre in 

iMiot in 

ID Cubic 

HI Cubic 


Kilos. 

I'ounds. 

Metres. 

I'ect. 

Air 

1.29318 

0.08073 

0-773 

12.385 

Nitrogen 

1.25616 

0.07845 

0.796 

12.763 

Oxygen 

1.4298 

0.08926 

0.699 

11.203 

Hydrogen . 

o.(> 896 i 

O.OOS'lO 

11.160 

178-83 

Carbon dioxide 

1.9666 

0.12344 

0.508 

8.147 

^arbon monoxide 

1-2.515 

0.07817 

0.800 

12.800 

Carbon vapour 

1.0727 

o.o66q6 

0.932 

14-9.30 

Aqueous vapour . 

0.8047 

0.05022 

1.242 

19.912 

1 Sulphurous acid . 

2.8G05 

0.1787 

0-349 

5-.596 

1 Ethylene 

1.2519 

0.07814 

0-799 

12.797 

1 Methane 

0 - 71.55 

0.04466 

1-397 

22.391 

j Acetylene . 

1.1900 

0.07428 

0.840 

13-4.56 

: Benzol 

3-3333 

0.208 

0-303 

4.808 

, Ethane 

i 

1-3415 

0.08565 

o .>46 

11-950 


Thermal Value of Gaseous Fuels 
Per Cubic Foot and Per Pound 


British Tlieniiril Units. 



, Cubic I'fct 
|)<*r Pound 




at fio" F. 

Per Cubic 
loot gloss. 

Per Pound. 

• 




Coal gas (16 c.-p.) 

31 

620 

19,220 

„ {14 c.-p.) 

- , 32 

540 

17,280 

Water gas 

. , 26.6 

300 

1 7,980 

Mond gas 

16.4 

1.54 

!' 2,525 

Dowson gas 

• I 15-9 

148 

1 2,353 

Suction plant gas 

. 1 16 

i 

135 

I 2,160 

Average Thermal Value of 

Fuels per 

Pound 



Lb.C.U. 

British Thermal 

Coal— 


Units. 

Newcastle 


8,446 

15,203 

Welsh . 

• . 

8,402 

1 . 5 - 12.5 

• Lancashife . 


8,113 

14,602 

Derbyshire . 


8,120 

14,616 

Anthjacite . 


8,677 

15.619 
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Coke- 
Oven coke 
Gas coke 
Peat— 

30 per cent, water 


20 

10 

.5 

Wood- 

Ash 

Beech 

Birch 

Film 

Fir 

Oak 

Pine 

Charcoal . 


Lb. C.U. 

British Thermal 
Units. 

8,020 

• 14,436 

7,900 

14,226 

3,000 

5400 

4,000 

7,200 

5,000 

9,000 

5,500 

9.900 

4,711 

8,480 

4.774 

8,391 

4.771 

8,586 

4,728 

8,510 

5.035 

9,063 

4,620 

8,316 

5,085 

9,153 

8,137 

14,646 


IjQUiii Fuki.s 

Petroleum (fuel) - 
American ' . 

Russian 
Texas 


Caucasus 

Borneo 

Burmah 

Petroleum spirit (.684) 
Shale oil . 

Blast furnace oil 
Heavy tar od . 

Alcohol absolute 

„ 10 per cent, water 

.. 20 

„ methylated . 


10,904 

19,627 

10,800 

19,440 

10,700 

19,242 

10,340 

18,611 

10,461 

18,831 

10,480 

18,864 

11,624 

20,923 

10,120 

18,217 

8,933 

16,080 

8,916 

16,050 

7,184 

I 2 , 93 t 

6,400 

11,520 

5.700 

10,260 

6,200 

11,160 


Gaseous Fuels 


Natural gas ... . 12,008 

Coal gas (London, 16 c.-p.) . 10,666 

Water gas .... 4,430 

Mond gas .... 1,402 

Dowson gas . . . 1,310 

Suction-plant gas . . . ‘1,200 

Air-coke gas . . . . 540 

Blast-furnace gas . . . 528 


21,613 
19,220 
7,980 
2,.525 
2,353 
2,160 
972 
948 
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THE CARBONISATION /OF COAL 



Measure 

OF Capacity 


Plllth. 

Calls. 

('iibic ft. 


Litres. 

I = 

.125 = 

.02 


..5676 

8 = 

I = 

.1604 


4-541 

16 = 

2 = 

.3208 

= 

9.082 

64 = 

8 -= 

1.283 

= 

36.32816 

512 = 

64 = 

10.264 

= 

290.625 

2560 = 

320 = 

51-319 


14,53.126 

5120 = 

640 = 

102.64 


2906.25 


I gallon 


I cubic ft, =- 

1 grain = 

1II). avoir == 

I cubic metre = 


277} cub. in. 

. 16 cub. ft. 

10 lbs. clist. water. 
4.5434,58 litres. 
6.234 gallons. 
.0C4799 gram. 
■ 453.‘593 kilogram. 
35-317 cu. ft. 


Useful Data 

I lb. avoir. =i 6 oz.= 7 .ooograins= 453 . 59 grammes=i. 2 i 527 
lb. troy. 

I lb. troy =12 oz.=576o grains =373.242 grammes= 

0.82285704 lb. avoir. 

I oz. avoir. =437.5 grains=28.35 grammcs=o. 9 ii 4583 oz. 
troy. 

I cubic rent. =.06113 cub. in.=.282 fl. drms.=.ooi76 pint= 
.0352 fl. oz. 

I cubic foot =28315.3 cc.=6.232i gallons=28.3i53 litres= 
997.1364 fl. oz. =49.8568 pints. 

I gallon =.16046 cub. ft. = 277.274 cub. in. = 4.54356 
litres. 

I cubic inch =16.386 cc.=o.577 fl. oz.=.oi64 litre=.02885 
pint. 

1 litre = 035316 cub. ft. = .220096 " gallon = 61.0270 
cub. in.=i.i76i pint. 

I fl. oz. =28.396 cc.=i.7329 cub. in. 

I pint =567.919 cc.=.020057 cub. ft.=34.659 cub. in. 
=.567920 litre. 

I gramme =.002204 lb.=,03527102.=15.432348 grains. 

Per cent, of tar x 2=gallons per ton (approximately). 

I per cent, nitrogen in fuel=io5 lbs. ammonium sulphate per 

ton (theoretical). 
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Conversion Factoks 

Multiply by 

To convert grams into pounds avoirdupois . 0.002205 

,, kilograms into pounds avoirdupois 2.205 

„ pounds into grams . . . 453-6 

„ pounds into falograms . . . 0.4556 

„ litres into cubic metres. . . 0.001 

„ litres into cubic feet . . . 0.0553 

,, cubic metres into cubic feet . . 35-.3i.‘i 

,, cubic feet into cubic metres . . 0.0283 

„ cubic feet into litres . . . 28.317 

„ cubic feet into gallons . . . 6.228 


Table for Convertinc; Degrefs of the Centigrade Ther¬ 
mometer INTO Dec;rees of Fahrenheit’s Scale 


Centigrade 

Fahrenheit 

j! tentlgrade | 

'i - i 

iMlueiilieit 1 

C entigj ade 

I'cilirenlieit 

-90° 

130° 

i 40“ 

104° 1 

170* ! 

338° 

85 

I 2 I 

45 

113 il 

175 

347 

80 

112 

; 50 

122 i; 

180 

356 

75 

103 

55 

131 i 

185 

.165 

70 

94 

60 

140 ! 

190 

374 

65 

«5 

65 

149 : 

.195 

383 

60 

76 

70 

158 , 

200 

392 

55 

67 

75 

167 

205 

401 

50 

58 » 

80 

176 i 

210 

I 410 

45 

49 

85 

185 1 

: 215 . 

419 

4 P 

40 

90 

194 ; 

i 220 

' 428 

35 

31 

95 

203 ! 

225 

1 437 

30 

22 

; 100 

212 

! 230 

1 446 

25 

13 

105 

221 

235 

; 455 

20 

-4 

110 

230 i 

1 240 

1 464 

15 

+ 5 

115 

239 

245 

: 473 

10 

14 

- 120 

248 i 

250 

i 482 

-5 

23 * 

125 

257 i 

255 

491 

0 

32 

130 

266 1 

260 

500 

+5 

41 

135 

275 i 

265 

509 

10 

50 

140 

284 1 

270 

518 

15 

59 

■ 145 

293 

275' 

- 527 

20 

68 

150 

302 

280 

536 

25 

,77 

155 

311 

285 

, 545 

■ 30 

*86 

■ 160 

320 

290 

; 554 

35 

95 

il 165 

329 

295 

i 563 
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THE CARBONISATION /)F COAL 


To convert °F to °C ^ ^ 

9 

To convert °C to °F ——+3,2'’-:'’]'' 

5 


Tahli; of the Coruesponwng Heights of the 
Barometer in Mii.limetkes and F:ngush Inches 


Milli- 


ImikIisIi 

Milli- 


Eii|:;lisli 


Milli- 


iiiiKitt.il 

luclrcs. 


JlltlK’N. 

1 iuotrt>s. 


liiclic^. 


iiiclrus. 


ImJifSi. 

720 


28.347 

: 7.19 


29.095 


758 


29.843 

721 

= 

28.386 

74 " 


29-134 


759 

= 

29.882^ 

722 


28.425 

741 

= 

29.174 


7(10 


29.922 

723 


28.465 

742 

-- 

29.213 


761 

= 

2<),9()1 

724 


28.504 

743 

= 

29.252 


7(12 

— 

JO.OOO 

725 


28.543 

744 

r- 

2().292 


763 

= 

30.039 

726 

= 

28.583 

1 745 

=-r 

29-331 


764 

= 

30.079 

727 

r-r 

28.622 

746 


29-370 


765 

^ ' 

30.118 

728 

= 

28.662 

747 


29.410 


7()6 

= 

.30.1.58 

729 

— 

28.701 

748 


29-449 


767 

= 

30.197 

730 

= 

28.740 

749 

= 

29.488 


768 

= 

.50.236 

731 

— 

28.780 

7.50 


29.528 


769 


30.276 

732 

= 

28.819 

751 

= 

29.567 


770 


30-315 

733 


28.858 

752 

= 

29.606 


771 


30.355 

734 


28.898 

753 


29.645 


772 


30-394 

735 


28.937 

754 

z=: 

29.685 


773 


30.4.1.3 

736 

1 - 

28.976 

755 

= 

29.724 


774 

— 

30.473 

737 


29.016 

756 


29.764 


775 

— 

30.512 

738 


29-053 

757 

= 

29.803 

1 





Thermal Data 

The British Thermal Unit is the amount of heat required 
to raise i lb. of pure water 1° F'., or from 39,1° F. to 40.1° F. 

The Large Calorie (h'rench Unit) is the amount required 
to raise one kilogram of water through 1° C. , 

The Small Calorie (Scientific Unit) is the amount of heat 
‘ required to raise l gramme of water from 0° C. to 1° C. 

The Pound Centigrade Unit is the amount of heat required 
to raise i lb. of water from 0° C. to 1° C. 

B.T.U Ca. ( a. ,I,b. C.U. Foot-lbs. 

1 =0.252 = 252 =0.555 = .776 

3.9682 =I --=1.000 =2.2046 =3080 
0.003968=0.001 = I =0.002046=3.08 
1.8 =0.4536= 453.6 =i =I 397 « 
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Weight and Volume of GaseS 


- V - 

Weight. 

Volume. ^ 


Per Cubic 

Per Cubic 

Per Kilo. 

Per Pound 


Metre in 

iMiot in 

ID Cubic 

HI Cubic 


Kilos. 

I'ounds. 

Metres. 

I'ect. 

Air 

1.29318 

0.08073 

0-773 

12.385 

Nitrogen 

1.25616 

0.07845 

0.796 

12.763 

Oxygen 

1.4298 

0.08926 

0.699 

11.203 

Hydrogen . 

o.(> 896 i 

O.OOS'lO 

11.160 

178-83 

Carbon dioxide 

1.9666 

0.12344 

0.508 

8.147 

^arbon monoxide 

1-2.515 

0.07817 

0.800 

12.800 

Carbon vapour 

1.0727 

o.o66q6 

0.932 

14-9.30 

Aqueous vapour . 

0.8047 

0.05022 

1.242 

19.912 

1 Sulphurous acid . 

2.8G05 

0.1787 

0-349 

5-.596 

1 Ethylene 

1.2519 

0.07814 

0-799 

12.797 

1 Methane 

0 - 71.55 

0.04466 

1-397 

22.391 

j Acetylene . 

1.1900 

0.07428 

0.840 

13-4.56 

: Benzol 

3-3333 

0.208 

0-303 

4.808 

, Ethane 

i 

1-3415 

0.08565 

o .>46 

11-950 


Thermal Value of Gaseous Fuels 
Per Cubic Foot and Per Pound 


British Tlieniiril Units. 



, Cubic I'fct 
|)<*r Pound 




at fio" F. 

Per Cubic 
loot gloss. 

Per Pound. 

• 




Coal gas (16 c.-p.) 

31 

620 

19,220 

„ {14 c.-p.) 

- , 32 

540 

17,280 

Water gas 

. , 26.6 

300 

1 7,980 

Mond gas 

16.4 

1.54 

!' 2,525 

Dowson gas 

• I 15-9 

148 

1 2,353 

Suction plant gas 

. 1 16 

i 

135 

I 2,160 

Average Thermal Value of 

Fuels per 

Pound 



Lb.C.U. 

British Thermal 

Coal— 


Units. 

Newcastle 


8,446 

15,203 

Welsh . 

• . 

8,402 

1 . 5 - 12.5 

• Lancashife . 


8,113 

14,602 

Derbyshire . 


8,120 

14,616 

Anthjacite . 


8,677 

15.619 
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Coke- 
Oven coke 
Gas coke 
Peat— 

30 per cent, water 


20 

10 

.5 

Wood- 

Ash 

Beech 

Birch 

Film 

Fir 

Oak 

Pine 

Charcoal . 


Lb. C.U. 

British Thermal 
Units. 

8,020 

• 14,436 

7,900 

14,226 

3,000 

5400 

4,000 

7,200 

5,000 

9,000 

5,500 

9.900 

4,711 

8,480 

4.774 

8,391 

4.771 

8,586 

4,728 

8,510 

5.035 

9,063 

4,620 

8,316 

5,085 

9,153 

8,137 

14,646 


IjQUiii Fuki.s 

Petroleum (fuel) - 
American ' . 

Russian 
Texas 


Caucasus 

Borneo 

Burmah 

Petroleum spirit (.684) 
Shale oil . 

Blast furnace oil 
Heavy tar od . 

Alcohol absolute 

„ 10 per cent, water 

.. 20 

„ methylated . 


10,904 

19,627 

10,800 

19,440 

10,700 

19,242 

10,340 

18,611 

10,461 

18,831 

10,480 

18,864 

11,624 

20,923 

10,120 

18,217 

8,933 

16,080 

8,916 

16,050 

7,184 

I 2 , 93 t 

6,400 

11,520 

5.700 

10,260 

6,200 

11,160 


Gaseous Fuels 


Natural gas ... . 12,008 

Coal gas (London, 16 c.-p.) . 10,666 

Water gas .... 4,430 

Mond gas .... 1,402 

Dowson gas . . . 1,310 

Suction-plant gas . . . ‘ 1,200 

Air-coke gas . . . . 540 

Blast-furnace gas . . . 528 


21,613 
19,220 
7,980 
2,.525 
2,353 
2,160 
972 
948 
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tar, 151 

]Lowe and Kirkliam, 54 
Lugi, 163 • 

Maclaren 241 
Mahllr, 9, 260 
Mallard, 91 

Matthews and Goulden, 155 
Maxted, 265 
M'Lcod, 187 
Mciler coke, 7O 
Mcrcaptans, 205 

Metallurgical coke, 157. *77 

Metamcric compounds, 1 
Methane, decomposition ol, 20X 
Methane-hydrogen gas, 151 
Microscopical character ot coal, 27, 

227 , 

Mineral constituents in coal, 9 
Mohr, K. F., 228 
Muck, 14, 25, 32, .6<>. 

Minellcr, 202 • 

Mulder, 10-12 

Murdoch’s experiments, 48 . 


I Naphtha, 140, 17 ( 0 , 209 
Naphthalene, 140 
I Naphthenes, t 39 
i Nowhiggin, J., <>(, i.|(), iRi, 209 
i Newcastle coal, 43 
I Nitrates, 1.S3 
Nitrobenzene, 140 
Nitrogen in bituminous shales, 100 
nr coal, 18 1-203 
in coke, 18O, 187 
in gas, 187 
in peat, 184 
in tar, 18b 
m vegetaiioii, 183 
Nitrogenous comi>ounds, 10 
Noltmgham coals, 41-43, yo, 203 


' Oil and CarlKin IToducts Co.’s 
I system, 248 

! Oil [or onnehing gas, 213 
‘ Oils, heavy, 140 
j light, I to, 144 
Olm, H L , 238 
O’Neill, 26,) 

Origin of coal, 4, ifit 
Oito oven, 81, 82 
Oven, Amerieun, 79, 84 
lieehivc, 77, 78 
coke, 76-H6, y6 
recovery, 80 
Overheating gas, 102 
Oxidation oi coal, i5-r7, 21 
' Oxygen in coal, eilect of, . 39 ) 4 ^) 

134 

in tar, 142 

Padfield, .54, 215-218 
Paraffin hydrocarbons, 137, 151 
1 Paraffinoid tars, 151 • 

’ Parker, W., 178 
Parr, S. W., 32, 238 
Parry, ]., if >4 ^ ^ „ 

Peat, composition of, 6, H) 2^8 
distillation of, 116-118, 184 
Percy, 15, ai> ^“.b “4 
Perkin, F. M., 246 
Petroleum, action on coal, 19 
Phenol, action on coal, 20 
Phenoloid tar, 155, I 59 
Pictet, 13, 227 
Pitch, 147, 266 
Pittman, 268 
Pit water, 163 
Polymeric compounds, 139 
Porter and Ovitz, 123, 124 
Potash, action on coal, 159 
Potassium chlorate, action on coal, 
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ALDER & MACKAV, Ltd. 

^ Established 1850 

MANUFACTURERS OF » 


GAS STATION METERS 
GAS ORDINARY WET AND DRY 
METERS 

CAS UNDERGROUND WET METERS 
GAS TEST AND EXPERIMENTAL 
METERS 

GAS MAIN COCKS 


GAS TEST HOLDERS 
GAS PRESSURE GAUGES 
GAS LANTERNS 

GAS AUTOMATIC LIGHTING AND 
EXTINSUISHING APPARATUS 
FOR STREET LAMPS 



In Changing the Price the Mechanic has no Access to the Cash 


New Grang:e Works 13 Victoria Street, Westminster 1 
Ediuburg:h | London, S.W.x j 

Tel. Address j Tel. Address i 

"Alder, Edinburgh” j "Aldemgi, Vic., London” j 

Tel. No. 1481 Central | Tel. No. 7 M 3 Victoria ! 

Veatnor St. Works | Central House, New SW ! 
Bradford « • . I 

Tel. Address B.rmmgham 

“Alder, Bradford" ' Tel. Address | 

Tel. No. 1222 


" Atderngi, Birmingham ” 


Bridge Street 
Sydney 

New South Wales 
Cable Address 
“Plover, Sydney” 

Lower Taranaki Street 
Vl^Uington ^ 
New Zealand 
Cable Address 
“Butcher, Wellington” 




































































RETORTS 


COKE OVEN BLOCKS. 

BRICKS . etc., for any required Situation 


w w 


“SYO” 

(Ree-) 


Retorts made from clean anct 
specially toughened Silica 


“LUMA” Retorts, etc., in the best 

<'***•> grade of material giving 

« 

high content of Alumina 

w 


Enamelled and Segmental Retorts, 
Chrome, Magnesite, Carsil, Zircoma, and 
all^ kinds of Refractory Specials, 
Paints, Coverings and Glazes, etc., ‘ 
to suit conditions 


WILLIAMSON CLIFF 

LIMITED 

STAMFORD. ENGLAND 


London Office: 

17 MONUMENT STREET 
E.C. 


Teld^hone: * 

16 Stamford 
Avenue 1771«London 


LEEDS *<a BRADFORD 
BOILER CO., LTD. 

STANNINGLEY 

Contractors to the War OfFice, tlie India Ollicc, the 
Admiralty, the Crown Agents for the Colonics, etc. 

COMPLETE TAR DISTILLING PLANTS 
TAR DEHYDRATING PLANTS 



HIGH-GLASS TAR STILLS 

'I'ops and Bottoms pressed to sluipe liy Special Hydraulic Machinery ; 
Rivet Holes drilled in po.sitioii, which eu.sures the hip;hest pos.sible 
class of Tar Still made; and all rivcttiii^ where practicable 
done by Hydraulic Machinery 

NEW STILL BOTTOMS 


BENZOL STILLS, WASHERS, AIR RECEIVERS. 
CONDENSING TA^KS^ SEPARATORS, DISTILLATE TANKS, 
STORiVOE TANKS. PANS. WROUGHT AND CAST PIPING, 
COILS, ETC. 

inquiries solicited for all kinds of Rlvetted Steel Plate Work 







South Metropolitan 
Gas Company 


Gas Lighting has this great advantage- 
it assists to maintain hygienic conditions 
in a living-room. This is a testimony 
of eminent scientific authorities. It is 
obvious that the atmosphere of a room, 
in which the active ventilating effect pro¬ 
duced by the warm air currents set up 
by incandescent burners is in operation,. 
must be purer than one where some 
other means of illumination is in use, 
which, for want of this ventilating action, 
permits the air in time to become stag¬ 
nant. In the “Metro” burner you have 
the most efficient and economical means 
of providing artificial light. 

Every “Metro” burner is adjusted to 
suit the gas with which it is intended 
to be used. The burner and globe may 
be fitted or removed for cleaning with 

• the same facility as an electric bulb. 
All parts are made to standard gauges. 
There are no screws. 

709 Old Kent Road. S.I^.iS 

I I - ■ 
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Section of Ejector 
and Bayonet Soc* 
ket showing Dust 
Trap 


Made in 3 sizes, “ METRO ” Burners are 
obtainable from 


SOUTH METROPOLITAN GAS CO. 
709 OI!d‘kENT road. S.E. 
LONDON 









^HICH^ 

GRADE 

CAS 


ESTABLISHED 1834 


FIRECLAY AND SILICA 


GOODS 


OF EVERY DESCRIPTION 


HIGHEST auailTY ONLY SUPPLIED 


B. GIBBONS, JuNR., LTD. 

QJ&DaLE WORKS 

DUDLEY 




Tar Distilling Plants 

THESE HAVE BEEN SUPPLIED 
BY US FOR DISTILLING FROM 
FIVE TO FORTY TONS DAILY 

PURE CONCENTRftTED 

artnoNia plsnts • 

W iff 

BENZOL PLANTS 

iff iff iff 

SULPHATE OF AftftONiA 
PLANTS 

iff 

Gasworks Plant 


OF EVERY DESCRIPTION MADE 
AND ERECTED IN ALL PARTS 
OF THE WORLD 


C. W. Walker, Ittd. 

DONNINGTON. NEWPORT'SaLOP ” 
London Office: 110 Cannon Street, R.C.I' 















W. Ci Holmes' Co. 

Established 1850 LIMITED 


Chemical Engineers 
and Ironfounders 


Mnmif.irtiiif rs of (’ompk'lc Plaiil .uni lC(iiii])meiit for 

GAS-WORKS, WATERWORKS; 
SEWAGE WORKS, CHEMICAL 
WORKS, AND COKE OVENS 

Patentees and Sole Makers of 

“HOLMES” DOUBLE-FACED 
GAS VALVES, TAR EXTRAC¬ 
TORS, GAS WASHERS, Etc. 
CASTINGS of every description. 
Structural Steelwork, Tanks, Roofs, 

. Girders. ======== 




WORKS AND HEAD OFFICES 

Turnbridge : Huddersfield 

TelegramsHolmes, Huddersfield" < ^ Telephone IfiTS 

- t • * 


London Office: 14 VICTORIA STREET, S.W. 
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CLAVTON, SON & CO., 

e 

MOOR END, HUNSLET, LEEDS 

TELEGRAPHIC ADDRESS! GAS. LEEDS 


STRUCTURAL STEEL WORK 

STEEL CHIMNEYS 

BOILERS 

SCRUBBERS 

COOLERS 

CONDENSERS 

TANKS 

STILLS 

RECEIVERS 

DEPHLEGMATORS 

CARBURETTORS, &c. 

FOR 

RECOVERY PLANTS 


INQUIRIES INVITED 


LONDON OFFICE: 60 QUEEN VICTORIA ST., E.C. 
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SCRRENINd PLANT. Cap.^city 4CKjr, tuii''in K liuurs, 

mai-iiiK 19 classes atiil si/es 

HAULAGES G£ARS* i»(»-h.p. Main and Tail 

REPEAT ORDERS FOR 16 GEARS AS ABOVE 
Repeat Orders from every Colliery Supplied 

HEADGEARS. Economical Designs 
for all conditions 

STEEL BUILDINGS 
BUNKERS 

CONVEYORS 


NORTONS PATENT ' 

COKE SCREENS 

Atreads adopted at the following Gasworks 

Screens Screens 

BELFAST . . 10 LEICESTER . . i 

BRIGHTOM I BRADFORD . . 2 

SUNDERLAND 2 TOTTENHAM 2 

DARLINGTON i JARROW . . . i 

NOTTINGHAM . 4 BIRMINGHAM 6 

Also supplied to Sweden, India, New Zealand, Australia 

. NORTONS tTIVIDALE) LIMITED 

TIPTON, STAFFS. 

Telephone— so TIPTON • Teleorams— "screening, TIPTON" 











SULPHATE of AMMONIA 
SATURATORS 

ACID TANKS, SULPHATE DRAINING TABLES 
and all Lead Work for Sulphate of Ammonia Plants, etc. 


OVER 570 SATURATORS DELIVERED 
DURING THE LAST FEW YEARS 

REPAIRS A SPECIALITY 



JOSEPH TAYLOR & CO. 

Chemical Plant Engineers 

BOLTON. LANCS. 

Tele^rami Telephone ^ 

“SATU8MOR8, BOLTOH” 


B48 BOLTOB 





Sf uftff pat/ you 

TO SET YOUR GAS RETORTS WITH 

STEPHENS’ 

HIGHEST GRADE 

SPECIALLY TOUGHENED 

SILICA BRICK 

USING AT THE SAME TIME 

Stephens’ 

PLASTIC 
SILICA CEMENT 

STEPHENS & CO. 

KIDWELLY 

« 
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GLOVER-WEST 
Vertical Retorts 



WEST’S Qas Improvement Co. 

LIMITED 

MILES PLATTING 

MANCHESTER 
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ECONOMY 

(i ) Higher Makes 
Less Fuel 

(2) Lower Labour Costs 

More Gas 

(3) Double Output on 

Same Ground Area 

i.e. Inst A L 

The WOODALL-DUCKHAM System 
of Continuous Carbonization 


Ibe WOODALL-DUCKH,A/v\ C° Ltd 

231 • STRAND 
W.C .2 



BAGLEY’S R/R OVEN carbonises 12 TONS in 16 Hours 
DIRECT AMMONIA RECOVERY PLANTS 

MANY IN OPERATION 

BAQLEYVmILLS & CO. US: 

92 victoria street, S.W. 
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LOW TEMPERATOBE 
CARBOmSATlOH OF COAL 


BY THIS COMPANY’S PROCESS AN 
ENTIRE REVOLUTION IS BROUGHT 
ABOUT IN CONNECTION WITH THE 
PRODUCTION OF LARGE QUANTITIES 
OF CHEAP GAS FOR 

ILLUMINATING, ELECTRIC POWEft 

and 

GENERAL INDUSTRIAL PURPOSES 
Light and heavy oil fuels 
SMOKELESS FUEL, FERTILISERS 
Etc. 

For particulars apply to 

LOW TEMPERATURE CARBONISATION 

LIMITED 

62 LONDON WALL, LONDON, E.C.2 

Majttt^ers of 

COALITE, LIMITED 

BARNSLEY SMOKELESS FUEL ftOMPANY, LIMITED 
Licencees of 

BRITISH COALITE COMPANY, LIMITED 
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ALDRItIGE & RANKEN 


GAS STOKING-MACHUMES 

THE F.A. MACHINES ARE IN USE 
THROUGHOUT THE WORLD 



COMPLETE EQUIPMENT 

AVONI^NK WORKS 

39 VICTORIA STREET 

BATH 

LONDON, 8.W.1 

“Simultalle, Bath” 
‘‘635 Bath" 

“ Motorpathy, Vic." 
“5118 Vic." 





































• WE SPECIALIZE. 

IN SMALL GAS WORKS 

and solicit enquiries for 

EXTENSIONS & RENEWALS, GASHOLDERS 
PURIFIERS, CONDENSERS, WASHERS 
SCRUBBERS, WATER TANKS 
Etc. 

PORTER (a CO. 

Gas Engineers 
LINCOLN 

ESTABLISHED 1855 

Telegrams: Telei)hone 4 , 

“PORTER, LINCOLN” 286 


COAL TAR DISTILLATION 

And Workings Up of Tar Products 

By ARTHUR R. WARNES 

Seoiid Edition. Revised and Kidargcd. Demy 8vo. Wilh Illustrations. 

I'rice 128. 6 d. net 

CONTF.N'i.S. -Coal T;ii. Ilou 'Far is Received from Gas Woiks. Plant 
Used in llie Distillation ofTai. Distillation of Coal Tar. Plant for Recover¬ 
ing Cresylic anil (’arhoiic Aci<ls from Oils. The Recovery of Carbolic and 
Cresylic Acids. Plniit for the Recovery of Benzols, Naphthas, &c. The 
Recovery of Jtcn/.ols and Naplillias. First Distillation and Washing. The 
Rectification of Benzols and i\aj)hth.is. Plant for the Working Up of 
J’yridine from Pyrailinc Acid. The Recovery and Reclilication of Pyradine 
P>ases. Plant for the Manufacture of Crude Naphthalene and Anthracene. 
The Maniifaciurc of Cuide Naphthalene and Antliiacene. • Pilch and Pilch 
“Otting.” Creosote. Gas Stripping. Tarworks'Tests. Appendix. Index. 


The “Journal of the Society of Chemical Industry ” .saysOwinE to the greatly 
incre.'tsed impuuant e .'i-.siimi d l.ycoa! lar nrcKhicts and to the wider interest taken In the 
subject, esptci.illy by tiie gas industry, it is not .surjirising that ,i sccoml edition of this ex- 
tellenr m.iniial should Iiave in.idc us appearance. Wlule there is but little alteration in ihe 
text, the author 1ms taken the o|)portiiimy of amfiHfying the treatment of matters lli.nt are of 
special importance at the prcsciU lime and ot 11110x11114 information lip to date where neces¬ 
sary. 'I'he 1.00k is <.f an emineiiily prac tical nature, audit is rot clogged with descriptions 
of obsolete plant and processes . . . 'I’lie elmpler on lahoialory work is exUemely useful • 
anil has been enlarged by ilie iiurodutlioii of inaller.s relating to recent developments of the 
industry. . . . The woik of ihc piil.lisheis is up to the high standard expected of them, the 
illustrations being very well done, the type clear, and the nysprlnts very few.” 

“THE GAS WORLD” Offices, 8 Bouverie Street, LondoHT E.C.4 
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THE MANUFACTURE 0?^ * 

Sulphate pf Ammonia & Crude Ammonia 

- By GASCOIGNE T. CALVERT 

SKCONI) KDITION. KEVISKD AND ENLARGED 

Pcmv 87w. iVi/// lUustraikms. Price 9s. net 

A book for tlic use of practical men. Contains full working details as to 
the manuf.ictuie of Sulphate of Ammonia, designed to meet the requirements 
of large and small niakeis ol Sulphate. 

CONTENTS.--Sulphate of Ammonia. The Raw Materials. Plant required for the 
Manufacture of Sulphate of Ammonia. Starting, Working and Stopping the 
Plant—Difficulties in Working and their Remedies. Cost of Manufacture of 
Sulphate of Ammonia. Manufacture of Crude Ammonia or Concentrated 
Ammoniacal Liquor Manufacture of Sulphate of Ammonia in Small Works. 
Miscellaneous: Alkali, etc. Works Regulation Act, 1906 —Factory Acts 
(Special Regulations>-Respirators-Sulphuric Aeid-Aramoniacal Liquor- 
Analysis of Waste Gases, etc. 

I * RKVIEWS OK FIRST EDITION 

The Clteiuha/ TtadL Journal “Min.h in .advance of die ordinary lext-book or 

ire.atise on U'l-liiiical < iM'iiiisiry. ...” 

Thi- Colliery Cunxhan s.iys •—“'l’hi« book sbonlil be particularly welcome to colliery 
owners .mil manniii rs. The .iiithor is well (|ualitied to de.il with this subject, and has done 
so in a cleat and alliai tive style .. . In the desi ripiiim of startinj^, working and stopping 
the plant lli»*authoi is p.iriituLcrly happy, and the |irarti< al miormation given in this chapter 
is of iiiulIi value . - Mr C.ilvert has given ns a thorough, reliable work, which, in the 

scope he h.is taken, < an be confidently leconimendcd to those interested.” 

“ The Gas World ” Offices, 8 Bouverie Street, London, E.C.4 


Notice 

to those interested in 

Coking and By-Products 

^.-Cokiiiff and Hy-I’roducts .Section .appears in the first issue of 
“The G.as tVorhl ” earli month. Copies containing it will be sent, 
post free (in the United Kingdom), for 7 s. per annum. Single copies, 
price (id.; by post 7 d. 

The above Section is the official organ of the Coke,Oven Managers’ 
Association. 

*This Section contains reports of meetings, descriptions of plant and 
apparatus, papers relating to (ioking and By-Products and much 
general information concerning the industry. 

The .annual subscription to “Ttie Gas World," if sent including a copy of “The ^ 

Gas World" Year Book, is, Uniled Kingdom, Sis. 6d. prepaid. Abroad, ((is., prepaid. 


" “The Gas World” Offices, 8 Bouverie'Street, Londor^ £*C.4 
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RRlil BLAKELEY, SBIIS S CO. 

LIMITED 

CHURCH FENTON, near LEEDS 

« « » 

Gas and Chemical Engineers 

SECOND-HAND PLANT SPECIALISTS 


We always keep a Large Stock of Good Over¬ 
hauled Second-hand Gas and Chemical Plant, 
comprising Retort and Furnace Ironwork, 
Condensers, Exhausters, Washers, Scrubbers, 
Purifiers, Meters, Gasholders, Tanks, Engines, 
Pumps, Blowers, Valves, etc., all sizes 



GAS WORKS REMODELLED AND 
EXTENDED 

STRUCTURAL IRONWORK 
OF ALL KINDS 


Please send us your EnguMes 


XXX 








J. GRAYSON LOWOOD&CO.; 

DEEPCAR, near SHEFFIELD 

m 

MANUFACTURERS OF HIGH-CLASS 

Silica Bricks 



FIRE BRICKS, FIRE CLAY, CUPOLA BLOCKS 
RUNNERS, SLEEVES, STOPPERS 
NOZZLES, &c. 
m w 

Ground Canister 
SteeJ Moulders’ Composition 
Silica Cement and Paint 

MAGNESITE BRICKS AND CEMENT 

Bricks for By=Product Coke Ovens 

w 

WORKS- 

DEEPCAR, SHEFFIELD 
MIDDLESBRO’ & CASTLETON (Yorks) 

Teftgranu— National Telephone— 

<*LOWOOD, DEEPCAR"^ No. IB STOCKBRIDGE, SHEFFIELD 
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NOTARY STATION 
METERS 

ALL STYLES UP TO 1,000,000 CUBIC FEET 
PER HOUR 


T. G. MARSH 

MAWSON CHAMBERS 

DEANSGATE 

MANCHESTER 
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